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ABSTRACT
In 1994, a sweet potato sample showing leaf curl symptoms was collected from
the field in Louisiana When graft-inoculated, Ipomoea setosa reacted with mild upward
leaf curling while I. aquatica reacted with a bright yellow mottle. The putative virus was
transmitted by the sweet potato whitefly, Bemisia tabaci biotype B, and it was designated
the United States isolate of Sweet potato lea f curl virus (SPLCV-US). Four independent
Southern blot hybridizations using the DNA-A of different begomoviruses as probes
confirmed the presence of begomovirus-like DNA in the infected plants. Fibrillar
inclusions and granular aggregates of geminivirus-like particles were observed in the
nuclei of infected /. cordatotriloba. These results suggested that SPLCV-US belongs to
the genus Begomovirus.
The complete nucleotide sequence of the SPLCV-US DNA-A genomic component
was determined from three overlapping polymerase chain reaction (PCR) clones. The
genome organization of the virus was similar to that o f monopartite begomoviruses, with
six open reading frames (ORF) and an intergenic region containing a stem-loop motif
present in all geminiviruses. The iterative elements located within the intergenic region of
SPLCV-US have sequences and arrangement similar to those of the Old World
begomoviruses. T he presence of the A V2 ORF supports the relationship between
SPLCV-US and begomoviruses from the Old World. Phylogenetic analyses using the
AV2 sequences revealed relationships between SPLCV-US and begomoviruses from the
East Asia.
The presence of the vims DNA in plant samples was detected using PCR with
SPLCV-specific primers. From more than 150 sweet potato and Ipomoea spp. samples
collected between 1997 and 2000, only thirteen samples were infected with SPLCV. The
vims also was detected in the total DNAs extracted from five I. setosa grafted with sweet
potato from four different countries. The amplified viral DNA fragments of these
vii
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samples were cloned and sequenced. Based on the partial AC1 ORF sequences, the
phylogenetic relationships among SPLCV isolates was determined. The results indicated
that SPLCV isolates clustered into three groups, and all of them might have evolved from
the same common ancestor possibly from the Old World.
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CHAPTER 1 INTRODUCTION
Sweet potato ([Ipomoea batatas (L.) Lam.) is an herbaceous dicot widely grown
throughout the tropics and warm temperate regions. It is one of the most important,
versatile, and underexploited food crops in the world (Ravi and Indira, 1999). With an
annual world production of 122 million metric tons (FAO, 1995), sweet potato ranks
fourth in importance in the developing world after rice, wheat, and com (Karyeija et al.,
1998b). In 1994, the total amount o f sweet potato production in the United States alone
(593,000 metric tons) ranked tenth in the world (FAO, 1994). Based on acreages, North
Carolina and Louisiana are the leading producers o f sweet potato in the United States
(Hinson, 1997). Although sweet potato requires only a few inputs (Karyeija et al.,
1998a), its growth and storage root development can be adversely affected by several
factors, including atmospheric and soil factors, photoperiod, environmental stresses,
pests, and diseases (Clark and Moyer, 1988; Ravi and Indira, 1999). Diseases of sweet
potato can be caused by nematodes, fungi, bacteria, phytoplasmas, and viruses, and the
disease severity ranges from symptomless to death of the infected plants depending on
pathogen species and environmental conditions (Clark and Moyer, 1988). In Louisiana,
viruses are one o f the factors causing the greatest reductions in yield and quality of sweet
potato (Clark et al., 1997). Preliminary data suggested that viruses also may contribute to
cultivar decline of sweet potato (C.A. Clark, personal communication). Although several
sweet potato viruses have been isolated from different sweet potato growing regions of
the world (Cohen et al., 1992; Di Feo et al., 2000; Karyeija et al., 1998b; Winter et al.,
1992), only one well-characterized virus, Sweet potato feathery mottle virus (SPFMV), a
potyvirus, has been reported to occur in the United States (Clark and Moyer, 1988).
Recently, a crinivirus (family Closteroviridae) was reported to infect in vitro plants of the
cultivar White Bunch from the USDA Plant Genetics Resource Unit in Griffin, GA (PioRibeiro et al., 1996). However, there have been many other reports of virus-like
1
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symptoms found on sweet potato in the field that the causal agents have not been
characterized (Girardeau and Ratcliffe, 1960; Hildebrand, 1961).
In the United States, since 1994 sweet potato samples have been collected from
different sweet potato fields in Louisiana and other states for a virus disease survey.
These sweet potatoes were grafted onto the indicator plant species I. seto sa . Various
virus-like symptoms were induced on the grafted plants, and some putative viruses have
been isolated (C.A. Clark and R.A. Valverde, personal communication). Since viruses
have been suggested to cause significant yield reduction and possibly cultivar decline of
sweet potato, the characterization of these putative viruses could lead to a better
understanding o f their pathogenesis and their roles in yield, quality reduction, and cultivar
decline. Moreover, it could be useful for developing resistant cultivars and disease
management programs for sweet potato.
The objectives of the present study were to characterize the putative virus isolate
that caused leaf curl symptoms on the sweet potato breeding line W285, and to develop a
detection method. Its biological and molecular properties and phylogenetic relationships
with other related viruses were investigated. This research also compared the nucleotide
sequences obtained from field isolates of the putative virus from different sweet potato
growing regions.

2
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CHAPTER 2 REVIEW O F LITERATURE
2.1

Im portance o f Sw eet Potato as Food Source
Sweet potato (also sweetpotato) (Ipomoea batatas (L.) Lam.) is a perennial

herbaceous dicot from the family Convolvulaceae. It is thought to have originated in
Central and/or South America, but currently it is widely grown as an annual crop in
tropical and subtropical regions throughout the world (Clark and Moyer, 1988).
Although almost all parts of sweet potato plants are edible, the succulent, starchy storage
roots of sweet potato are the main parts serving as staple food and animal feed, and to a
limited extent as a raw material for fermentation products (Ravi and Indira, 1999). Sweet
potato storage roots contain about 50-79 % starch and 4-15 % sugar based on dry weight,
and are a source o f vitamin C and B, provitamin A, and Iron. Tender shoot tips and
leaves also are nutritive and are used as vegetable and animal feed in some countries (Ravi
and Indira, 1999).
The world sweet potato production in 1995 was estimated to be over 120 million
metric tons of which 92 % is in Asia (FAO, 1995). It ranked as the fourth most
important crop o n the fresh-weight basis in developing countries after rice, wheat, and
com. Sweet potato is attractive as a food crop for many small farmers due to its ability to
grow and produce high yield in low fertility soil, its tolerance to environmental stresses,
and its short growth period, between 12 to 35 weeks depending on conditions and
cultivars, which often fits well into farming systems such as mixed cropping and
rotations with other crops (Ravi and Indira, 1999). Because of its rapid growth, sweet
potato can quickly cover the ground. Therefore, it reduces the need for herbicides and
cultivation (Clark and Moyer, 1988). In the United States sweet potato is produced for
consumption as a supplemental vegetable and in many regions is associated strictly with
holidays. Only those roots culled from grading lines o r left in the field after harvest are
fed to animals. T he utilization of sweet potato as food has declined in some countries as
3
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the affluence of consumers has increased. In Taiwan and Japan, sweet potatoes for
industrial uses and animal feed have greater markets than those sold for human
consumption (Clark and Moyer, 1988).
2.2

Physiology o f Sw eet Potato
Sweet potato is a hexaploid plant with 90 chromosomes. Most species of the

genus Ipomoea have 30 chromosomes. It is still not clear about the genetic origins of
sweet potato. One suggestion is that it might have evolved from a cross between a
tetraploid and a diploid parent (Clark and Moyer, 1988).
Predominantly, sweet potato has prostrate stems with leaves expanded into a
horizontal, shallow canopy close to the soil surface, enabling the plant to intercept
maximum solar radiation (Ravi and Indira, 1999). The branching system of sweet potato
is cultivar dependent Its leaf shape also varies widely among cultivars which may be
round, reniform, cordate, triangular, and lobed moderately or deeply (Ravi and Indira,
1999). Sweet potato has an indeterminate growth habit and can be vegetatively
propagated (Clark and Moyer, 1988). Vine cuttings are regularly used as planting
material in tropical regions. However, both sprouts produced from storage roots and cut
storage root pieces also can be used for propagation (Ravi and Indira, 1999). Sweet
potato flowers are complete. Seeds are bome in a capsule and have a very hard seed coat.
They do not have a strong physiological dormancy but are generally scarified
mechanically or with acid to promote germination (Clark and Moyer, 1988).
The physiology of photosynthesis of sweet potato is little understood.
Photosynthesis of sweet potato leaves is similar to that o f C3 plants (Ravi and Indira,
1999). The carbon fixed by the sweet potato leaf is translocated as sucrose out into the
stem toward the metabolic sinks. In the root system, the photosynthate is partly used for
expansion of fibrous, non-storage roots, and the rest is deposited in storage roots.

4
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Basipetal translocation toward underground parts increases when the storage roots are
initiated (Ravi and Indira, 1999). The root system of sweet potato plants consist of nonstorage and storage roots. The non-storage roots including thin adventitious roots arise
from the intemodal regions of the vine. These roots develop horizontally or obliquely in
the soil. Such roots develop largely into fibrous roots, which are heavily lignified and do
not enlarge in diameter (Clark and Moyer, 1988; Ravi and Indira, 1999). Thick
adventitious roots are capable of storing starch grains which happens through localized
lateral bulking in a specific subapical region and develop into storage roots. The initiation
of storage root growth involves secondary growth by genesis of a vascular cambium as
well as several anomalous circular cambia in the subapical region. Growth of the storage
roots later occurs by the activity of these cambium tissues which results in the formation
of thin-walled starch-storing parenchyma cells (Ravi and Indira, 1999). As the storage
root develops, earlier deposited carbohydrates are concentrated toward the distal end, and
growth along the longitudinal axis progresses toward the proximal end. Different rates of
longitudinal and lateral growth determine the shape o f storage roots (Ravi and Indira,
1999). Ability in storage root formation and growth among sweet potato cultivars and
individual plants of the same cultivars is affected by several factors, including cultivar,
propagation material, cultural practices, environmental factors, soil factors, and pests and
diseases (Clark and Moyer, 1988; Ravi and Indira, 1999).
2.3

Sw eet Potato Viruses
Like other plants, sweet potatoes are subject to diseases caused by viruses,

mycoplasmas, bacteria, actinomycetes, fungi, nematodes, and abiotic factors. Among
these, virus diseases often cause significant reduction in yield and quality o f the storage
roots. Despite their importance, the virus diseases of sweet potato are probably the most
poorly understood o f all sweet potato diseases (Clark and Moyer, 1988). However,
during the last 10 years, many sweet potato viruses were more substantially
5
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characterized, and the symptoms induced on the infected plants were compared to those
of the previously described virus-like diseases. The development of reverse transcription
(RT) and polymerase chain reaction (PCR) techniques has allowed virologists to compare
these sweet potato viruses at the molecular level. Information obtained from comparative
study of biological and biochemical properties along with phylogenetic relationships with
other plant viruses also can help to clarify the ambiguity o f the taxonomy of sweet potato
viruses. In addition to the conventional use o f diagnostic host range and indicator plants,
these molecular and serological techniques are useful for detection of viruses in sweet
potato plants leading to the development of more practical and more efficient virus
indexing programs than those used in the past.
The most common source of sweet potato viruses is infected planting material
such as vine cuttings (Clark and Moyer, 1988). Therefore, virus-tested planting materials
should be used. Since many of the viruses have insect vectors and efforts to control the
spread of viruses by controlling these vectors have not been successful in general, the
virus-tested plants should be grown in areas free o f inoculum sources (Moyer and
Salazar, 1989; W isleret al., 1998).
To produce sweet potato germplasm free from known viruses, meristem or shoot
tip culture techniques are used. These may be accompanied by heat or chemotherapy as
necessary followed by subsequent virus testing. All clones should be stored in in-vitro
culture for manipulation and distribution to minimize the opportunities for reinfection
during maintenance (Moyer and Salazar, 1989).
The development of resistant sweet potato cultivars offers another alternative for
virus control. It could be developed by traditional breeding program or introduction o f
foreign gene either from other resistant plants or of viral origin. Although growing
tolerant cultivars may have improved production of sweet potatoes, it has made diagnosis

6
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difficult. It also may serve as the source of virus for other susceptible plants grown in the
nearby area (Moyer and Salazar, 1989).
There are more than 15 viruses known to affect sweet potatoes (Di Feo et al.,
2000). Only half have been substantially characterized (Alvarez et al., 1997; Colinet et
al., 1996; Karyeija et al., 1998b; Wisler et al., 1998). These viruses include Sweet
potato feathery m ottle virus (SPFMV) (Chavi et al., 1997; Colinet et al., 1994; Moyer
and Salazar, 1989), Sw eet potato mild mottle virus (SPMMVj (Colinet etal., 1996),
Sweet potato latent virus (SwPLV) (Colinet et al., 1993), Sweet potato vein mosaic virus
(SPVMV) (Moyer and Salazar, 1989), Sweet potato m ild speckling virus (SPMSV)
(Alvarez et al., 1997; Di Feo et al., 2000), Sweet potato yellow dw arf virus (SPYDV)
(Clark and Moyer, 1988; Brunt et al., 1996), Sweet potato virus G (SPV-G) (Colinet et
al., 1994), Sweet potato chlorotic stunt virus (SPCSV) (Pio-Ribeiro et al.,1996; Wisler et
al., 1998), Sweet potato le a f speckling virus (SPLSV) (Fuentes et al., 1996), and Sw eet
potato lea f curl virus (SPLCV) (Chung et al., 1985; Green et al., 1992; Liang et al.,
1990; Lotrakul e tal., 1998; Lotrakul and Valverde, 1999; Onuki and Hanada, 1998;
Osaki and Inouye, 1991). In addition to these sweet potato viruses, Cucumber mosaic
virus (CMV), Tobacco mosaic virus (TMV) and Tobacco streak virus (TSV) also were
reported to infect sweet potatoes (Clark and Moyer, 1988; Cohen et al., 1988; Moyer and
Salazar, 1989).
2.3.1

S w eet p otato feath ery m ottle virus
O f all sweet potato viruses, SPFMV is the most well-characterized. It is

one of 7 known sweet potato viruses from the family Potyviridae (Alvarez et al., 1997;
Colinet etal., 1993; Colinet etal., 1996; Moyer and Salazar, 1989). SPFMV is found
nearly everywhere sweet potatoes are grown (Clark and Moyer, 1988; Gibb and
Padovan, 1993; Kum ar et al., 1991; Usugi et al., 1991). Several strains have been
identified and characterized. The ubiquitous nature of SPFMV has hindered the
7
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identification o f many other viruses. Mixed infection by SPFMV is frequently a problem
when the host ranges of the potentially novel viruses are also limited to the
Convolvulaceae (Clark and Moyer, 1988; Moyer and Salazar, 1989).
T he symptoms associated with SPFMV infection are as much a function
of the host genotype and environment as they are of the virus strains or isolate (Moyer
and Salazar, 1989). Leaf symptoms may consist of the classic chlorotic feathering pattern
associated with the leaf midrib and faint to distinct chlorotic spots, which may or may not
have purple-pigmented borders. The symptoms are observed predominantly on the older
leaves (Clark and Moyer, 1989). Veinclearing, veinbanding, and chlorotic spots are the
predominant symptoms observed in the indicator host I. setosa Kerr. Symptoms on
infected plants may be mild, and leaves produced after the initial flush may be
symptomless (M oyer and Salazar, 1989). Different strains of SPFMV may induce
different symptoms when infecting the same host species. The common (C) strain of
SPFMV may induce only foliar symptoms, but the russet crack (RC) and veinclearing
(VC) strain may cause annular necrotic lesions in some sensitive sweet potato cultivars
(Clarkand Moyer, 1988; Usugi etal., 1994). Electron micrographs o f SPFMV-infected
leaves may reveal cytoplasmic pinwheel inclusions (Clark and Moyer, 1988).
SPFMV shares many biological and cytopathological characteristics with
viruses in the potyvirus group. The native virion lengths for strains o f SPFMV range
from 810 to 865 nm. Its capsid protein subunit has a molecular weight of 38000, and its
genome consists o f a single-stranded RNA molecule of about 11.6 kb (Moyer and Cali,
1985). The virus is aphid-transmitted in a nonpersistent manner. Its insect vectors
include Aphis gossypii, A. craccivora, Lipaphis erysimi, and Myzus persicae. The virus
can also be transmitted by mechanical inoculation and grafting, but not by contact
between plants, seed, or pollen (Brunt et al., 1996). Most strains of SPFMV infect a
wide range o f Ipomoea spp. Many strains cause local lesions on Chenopodium
8
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amaranticolor and C. quinoa. Some strains can infect Nicotiana benthamiana (Clark and
Moyer, 1988).
Relationships among SPFMV strains have been partially investigated
(Abad et al., 1992; Chavi etal., 1997; de Souto, 1998; Usugi etal., 1991; Usugi et al.,
1994). They were based on serological tests and nucleotide sequence comparisons.
However, none of these studies included all characterized strains of SPFMV and
relationships among them are still not clear.
Sensitive sweet potato cultivars may suffer significant yield losses. More
losses frequently occur in mixed infected crops than those of crops infected with SPFMV
alone (Karyeija et al., 1998a; Ngeve, 1990). Most sweet potato cultivars released in the
United States during the past 20 years appear to have a high level of tolerance to the
United States isolates o f SPFMV. It should be assumed that most plants in commercial
production are infected with the virus (Clark and Moyer, 1988). Currently, several
techniques have been developed for SPFMV detection in addition to the conventional
indicator host test. These include reverse transcription PCR (RT-PCR) (Abad et al.,
1992, Colinet et al., 1994, De Souto, 1998), molecular hybridization using riboprobes
(Abad et al., 1992), Western blot analysis (Hammond et al., 1992), enzyme-linked
immunosorbent assay (ELISA) (Esbenshade and Moyer, 1982; Green et al., 1988),
membrane immunoblotting assay (Gibb and Padovan, 1993), and serologically specific
electron microscopy (SSEM) (Usugi etal. 1991).
2.3.2

S w eet potato m ild mottle virus
SPMMV was isolated in East Africa from sweet potatoes showing leaf

mottling, veinal chlorosis, dwarfing, and poor growth (Moyer and Salazar, 1989).
SPMMV-infected/. setosa shows a bright yellow veinal chlorosis in as many as 4 leaves
after inoculation. Subsequent leaves are symptomless (Moyer and Salazar, 1989). The
virus is transmitted by mechanical inoculation, grafting, and whitefiies (Bemisia tabaci) in
9
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a persistent manner (Brunt et al., 1996). Unlike SPFMV, SPMMV is not vectored by
aphids. In addition to having a different vector, the host range of SPMMV also is
different from those of the typical potyviruses. The virus can infect 45 plant species from
14 families (Moyer and Salazar, 1989).
SPMMV had been referred to as Sweet potato virus T and Sweet potato
virus B in some early reports (Brunt et al., 1996). The virus has particle morphology
similar to those o f other potyviruses. SPMMV particles can be found in the cytoplasm of
the epidermis and mesophyll cells of infected plants. It also induces formation of
cytoplasmic pinwheel inclusions characteristic of a potyvirus (Brunt et al., 1996).
However, serological tests revealed that SPMMV is distinct from other aphid-transmitted
potyviruses, including SPFMV. The virus also possesses none of the epitopes
recognized by potyvirus-specific monoclonal antibodies (Hammond et al., 1992).
The biological, morphological, and serological properties of SPMMV are
somewhat conflicting for classification of SPMMV into the family Potyviridae. Recently,
partial nucleotide and derived amino acid sequences of SPMMV have been reported
(Colinet et al., 1996). These sequences indicated that SPMMV is a Potyviridae member.
However, phylogenetic analyses of the core coat protein sequences failed to reveal any
close relationship with members from 3 recognized genera, Potyvirus, Rym ovirus, and
Bym ovirus. Therefore, SPMMV is classified into a distinct genus, Ipomovirus (Brunt et
al., 1996; Colinet et al., 1996).
2.3.3 S w eet potato latent virus
S wPLV, initially designated Sweet potato virus N, has been reported in
Taiwan, mainland China, and Japan (Clark and Moyer, 1988; Hammond et al., 1992;
Usugi et al., 1991). The host range of the virus includes many species in the family
Convolvulaceae, Chenopodium spp., and some Nicotiana spp., including N.
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benthanuana. Although SPLV induces mild symptoms in m any sweet potato cultivars
and Ipomoea species, it is easily detected by serology (Moyer and Salazar, 1989).
SPLV also has m any properties similar to those o f a potyvirus. It induces
the production of characteristic cytoplasmic inclusions. Morphologically, SPLV (700750 nm in length) is more similar to typical potyviruses than SPFMV, but neither aphids
nor whitefly species have been shown to vector the virus (Hammond et al., 1992).
Based on serological tests, SPLV has an apparent distant relationship with SPFMV.
Both viruses share some common epitopes, but they are easily differentiated when
potyvirus cross-reactive monoclonal antibodies are used. These comparative serological
studies also revealed that SPFMV and SPLV are related to the typical aphid transmitted
members of the potyvirus group (Hammond et al., 1992). Partial nucleotide sequences
obtained from RT-PCR also indicated that SPLV is a potyvirus (Colinet et al., 1997).
2.3.4

Sweet potato vein m osaic virus
SPVMV has been reported only in Argentina (Moyer and Salazar, 1989).

SPVMV particles have a modal length of 761 nm which is significantly shorter than
SPFMV. It is also transmitted nonpersistently by aphids. Sweet potato plants infected
by this virus are severely stunted and produce fewer roots (M oyer and Salazar, 1989).
The leaves of infected plants exhibit a general chlorosis, with a diffuse mosaic in
interveinal areas. They are often distorted with distinct vein clearing. No other
symptoms have been reported on roots. Host range of SPVMV is limited to the
Convolvulaceae (Clark and Moyer, 1988).
SPVMV virions are found in all parts o f the infected plants. Within an
infected cell, the virions are present in cytoplasm. The virus also induces the production
o f cytoplasmic pinwheels, scrolls, and laminate aggregates typical of a potyvirus (Brunt
et al., 1996). SPVMV has not been purified, and consequently antiserum is not yet
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available to compare this virus with other known potyviruses or to assay sweet potatoes
from other countries (Moyer and Salazar, 1989).
2.3.5

Sw eet potato m ild speckling virus
A disease caused by a viral complex called ‘sweet potato chlorotic dwarf

disease’ has been reported to affect sweet potato crops in the central region of Argentina.
Symptoms on the diseased plants are general chlorosis, dwarfism or severe stunting, vein
clearing, and leaf distortion (Alvarez et al., 1997). By constructing a cDNA library from
viral genomic RNA purified from infected sweet potato plants, nucleotide fragments of
four different viral origins were obtained (Alvarez et al., 1997). Based on sequence
comparisons, three viruses were identified as the causal agents: two strains of SPFMV,
SPCSV, and a novel potyvirus (Alvarez et al., 1997; Di Feo et al., 2000). Coat protein
sequence of this new potyvirus showed 63 % identity with SPFMV, 68-70 % with
SwPLV isolates, 57 % with SPV-G, and 73 % with Potato virus Y (PVY). This virus is
aphid-transmitted. It also can be transferred via mechanical inoculation (Di Feo et al.,
2000). It was reported to infect sweet potato, I. setosa, N. benthamiana, and N .
clevelandii (Di Feo et al., 2000). However, the host range of this virus has not been
thoroughly investigated. The virus by itself causes only mild symptoms on Ipomoea
species. The symptoms on I. setosa include mild mosaic in the first two true leaves while
those on sweet potato include occasional chlorotic speckling in some leaves (Di Feo et al.,
2000). Although this virus has yet to be purified, and no morphological characteristics
has been reported, it was proposed as a new member of the genus Potyvirus with the
designation SPMSV (Alvarez et al., 1997).
2.3.6

Sw eet potato yello w d w a rf virus
SPYDV was first described in Taiwan. The virion morphology and vector

o f the virus are similar to those of SPMMV. However, the virus has not been adequately
characterized (Moyer and Salazar, 1989). SPYDV virions are flexuous filaments with a
12
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modal length o f 750 nm. It presents in cytoplasm o f infected cells in which it induces the
formation of pin wheel inclusions. SPYDV is whitefly-transmitted in a persistent
manner. It can also be transmitted by mechanical and graft inoculation (Brunt et al.,
1996). The host range o f SPYDV includes Ipom oea species, Cassia occidentalism
Chenopodium species, Daturastramonium, Gomphrena globosa, and Sesamum species
(Brunt et al., 1996; Moyer and Salazar, 1989). Symptoms on sweet potato plants
infected with SPYDV consist of mottling, chlorosis., and dwarfing. Expression o f the
symptoms is favored by poor fertility and low temperature. The root systems o f infected
plants are poorly developed, and fleshy roots are n o t marketable (Moyer and Salazar,
1989). SPYDV was proposed to be another m em ber o f the genus Ipomovirus (Brunt et
al., 1996). However, its nucleotide sequence has n o t been reported and its phylogenetic
relationship with SPMMV and other potyviruses has not been determined.
2.3.7

S w eet potato virus G
SPV-G was first detected in sweet potato samples from China (Colinet et

al., 1994; Colinet et al., 1998). Although the virus bias not been isolated and its
properties need to be determined, the sequence comparisons and phylogenetic analyses
using the coat protein sequences of known potyviruses indicated that SPV-G is a member
of the genus Potyvirus. The core coat protein sequence of SPV-G shows more than 70
% identity when compared with those of SPFMV isolates, and only less than 70 % with
those of SPLV isolates (Colinet et al., 1994; Colinett et al., 1998).
2.3.8 S w eet potato chlorotic stu n t viru s
Sweet potato virus disease (SPVD) is the name used to described a range
of severe symptoms in different cultivars of sweet potato. SPVD symptoms in infected
plants consist o f overall plant stunting combined witih leaf strapping and distortion, and
chlorosis, mosaic, or vein clearing (Gibson et al., 19*98). The affected plants yield less
than half of that o f unaffected plants (Aritua et al., 1*998; Gibson et al., 1998). It is the
13
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most harmful disease o f sweet potatoes in East A frica (Karyeija et al., 1998a; Ngeve,
1990). Average disease incidence as high as 25-30 % was reported in Uganda (Aritua et
al., 1998). The virus also has been reported in sweet potatoes from Israel and the United
States (Cohen et al., 1992; Pio-Ribeiro etal., 1996).
SPVD results from a mixed infection with the SPFMV and a whiteflytransmitted SPCSV, acrinivirus, which was previously referred to as SPVD-associated
closterovirus (Pio-Ribeiro et al., 1996) and Sw eet potato sunken vein virus (SPSVV)
(Cohen et al., 1992). SPCSV is a bipartite virus in the family Closteroviridae (Wisler et
al., 1998). Its flexuous particles have an open helical structure typical of closteroviruses
(Cohen et al, 1992). The virus is phloem-limited and is transmitted by two whiteflies, B .
tabaci and Trialeurodesabutilonea, in a semi-persistent manner and by grafting, but not
mechanically (Cohen et al., 1992; Karyeija et al., 2000; Sim et al., 2000; Wisler et al.,
1998). Its host plants include various Ipomoea species, N. benthamiana, N. clevelandii,
and Amaranthuspalmeri (Cohen et al., 1992). T he virus alone causes only mild
symptoms in susceptible sweet potato cultivars grown under conditions favorable for
disease development These symptoms include slight stunting, purpling of lower leaves,
and mild chlorotic mottle in the middle leaves (Gibson et al., 1998; Winter et al., 1992).
When mixed infected with SPFMV, more severe symptoms typical of SPVD develop in
sweet potato plants. Triple infection with SPFMV and SPMS V results in another vims
complex disease named sweet potato chlorotic dw arf disease which has been reported in
Argentina (Di Feo et al., 2000). I. setosa infected with SPCSV showed reduced growth,
characterized by shorter intemodes and smaller, brittle leaves (Winter et al., 1992).
Within phloem parenchyma cells of infected plants, SPCSV induces the formation of
membrane-enclosed vesicles characteristic of closterovirus (Cohen etal., 1992; Winter et
al., 1992).
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SPCS V cDNAs were first synthesized from its dsRNA and cloned in
1992 (Winter et al., 1992). Since then, nucleotide fragments o f the coat protein and the
analog of the heat shock protein (HSP70) regions of several SPCS V isolates have been
obtained by using RT-PCR (W isler et al., 1998). A study using RT-PCR followed by
single-strand conformation polymorphism revealed a close relationship with over 90 %
overall nucleotide identity in multiple sequence alignment of HSP70 fragments among
SPCSV isolates from African countries, the US, Israel, Brazil, Argentina, and Taiwan
(Wisler et al., 1998). Similarly, serological studies using both polyclonal and
monoclonal antibodies to the Kenyan and Israeli isolates of SPCSV indicated that the
geographically diverse isolates were closely related (Wisler et al., 1998). In spite of
several names designated for the virus, there is apparently only one virus species,
SPCSV. Although SPCSV isolates are closely related, they can be differentiated into two
serotypes, an East African, and non-East African serotype, based on serological and
molecular analyses (Vetten et al., 1996; Wisler et al., 1998).
2.3.9

Sw eet potato le a f speckling virus
SPLSV was first isolated from sweet potato samples showing leaf curling

and white speckling from northern Peru (Fuentes et al., 1996). The virus is
transmissible by grafting but not mechanical inoculation. It is also transmitted by the
aphid species Macrosiphumeuphorbiae in a persistent manner (Fuentes et al., 1996).
Host plants of SPLSV include several Ipomoea species. In I. nil and I. setosa, the virus
induces dwarfing and leaf curling in addition to chlorotic and necrotic spotting while it
induces clear whitish flecks or specks in sweet potato (Fuentes et al., 1996). SPLSV
particles are isometric with a diameter of about 30 am. RT-PCR amplification of RNA
from SPLSV-infected plants using two pairs of degenerate primers for luteoviruses
yielded 500 bp and 600 bp DNA fragments. The nucleotide sequences of these fragments
encoded 2 polypeptides characteristic in sequence of luteovirus proteins, which indicated
15
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that SPLSV is a luteovirus (Fuentes et al., 1996). The derived amino acid sequence of
the coat protein of SPLSV showed 70 % identity with that of Potato lea f roll virus
(PLRV). However, the virus particles did not react with antibodies to PLRV (Fuentes et
al., 1996).
2.3.10

Sw eet potato le a f cu rl virus
A virus-like disease causing leaf curl symptoms in infected sweet potatoes

was reported in Taiwan and Japan in the early 1980s (Chung et al., 1985; Yamashita et
al., 1984). The putative virus that caused the disease was transmitted by the whitefly, B.
tabaciand by grafting. It was designated SPLCV (Chung et al., 1985; Moyer and
Salazar, 1989).
In Taiwan, SPLCV caused leaf curling and upward leaf rolling in
susceptible sweet potato cultivars. In some cultivars, such as Tainung 63, a slight
swelling o f the veins at the lower side could be observed. Stunting of infected plants was
common. Symptoms were more prominent on young leaves and at high temperatures,
and often masked at low temperatures. I. setosa and I. nil reacted with a downward
rolling and curling of the leaf and reduction in leaf size. The host range of SPLCV from
Taiwan is limited to the plant family Convolvulaceae (Chung et al., 1985; Green et al.,
1992). The virus is transmitted by whiteflies only when large numbers o f insects (20100) are used (Chung et al., 1985). Geminivirus-like particles were detected in leaf dips
from vein tissues and in nucleus and cytoplasm of infected phloem cells (Chung et al.,
1985; Liang et al., 1990). Attempts to purify the isolate of SPLCV from Taiwan was not
successful and currently its molecular properties have not been characterized.
Similar to SPLCV from Taiwan, a Japanese isolate of SPLCV caused upward leaf
curling and stunting in infected sweet potato, and the symptoms were prominent only
under specific conditions (Osaki and Inouye, 1991). The virus also could be transmitted
by whiteflies in a persistent manner, but not by aphids or mechanically. The host range
16
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o f SPLCV from Japan was also limited to the family Convolvulaceae. Electron
microscopic observations of thin sections from infected sweet potato, I. setosa, and I. nil
leaves showed geminivirus-like particles, with a modal diameter of about 16 nm, located
in the nuclei of phloem parenchyma cells (Osaki and Inouye, 1991). Based on biological
properties of the virus and electron microscopy studies, the SPLCV isolate from Japan
was suggested to be a begomovirus (Osaki and Inouye, 1991). More recently, a PCR
technique using universal primers for begomoviruses was used to amplify genomic DNA
of this virus (Onuki and Hanada, 1998). Only primers designed from the Old World
begomovirus sequences could amplify the SPLCV DNA. The PCR products were cloned
and sequenced. Partial sequence of the common region (171 bp) of the virus was
published, and the conserved stem-loop motif and iterative elements characteristic of the
Old World begomoviruses were found within the sequence (Onuki and Hanada, 1998).
In 1997, a sweet potato-infecting gemini-iike virus was reported in Israel
(Cohen et al., 1997). The virus was found to be persistently whitefly-transmitted
although not very efficiently when individual insects were used. It could not be
transmitted mechanically. The virus induced leaf curling, crinkling, and sunken vein in
several Ipomoea species, including sweet potato cvs Camote Yuca, Zapallo, and CIP420028, but not Georgia J e t Reduction in leaf size, epinasty and apical stunt, and vein
clearing symptoms were also observed in some morning glory species, but not in sweet
potato. Like SPLCV from Taiwan and Japan, host range of the virus was limited to the
family Convolvulaceae (Cohen etal., 1997). Electron microscopic studies revealed
geminate particles in crude sap of several infected Ipomoea species. Southern blot
analyses showed that DNA of this sweet potato-infecting virus hybridized with the DNA
A of the begomovirus Bean golden mosaic virus. Based on biological properties o f the
virus, electron microscopy, and Southern blot analyses, this putative virus was suggested
to be a member o f the genus Begomovirus in the family Geminiviridae, and hence it was
17
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designated Ipomoea crinkle le a f curl virus (ICLCV) (Cohen et al., 1997). However, the
virus has not been characterized at the molecular level, and the nucleotide sequence has
not been published.
Although all three leaf-curl-inducing, sweet potato-infecting
begomoviruses from Taiwan, Japan, and Israel have many similar biological properties,
they are not identical (Chung et al., 1985; Cohen et al., 1997; Osaki and Inouye, 1991).
It is still unknown whether they are strains of one another or they are different species.
Further nucleotide sequence comparison and phylogenetic analysis need to be conducted
to investigate the relationships between these three begomoviruses.
2.4

The Genus B e g o m o v ir u s
Geminiviridae is a large and diverse family o f viruses that infect a broad

variety of plants and cause a significant crop loss worldwide. They can be characterized
by their twinned icosahedral particles (20 x30 nm) and closed circular, single-stranded
DNA (ssDNA) genomes that replicate in the host cell nucleus through double-stranded
DNA (dsDNA) intermediates using the rolling circle mechanism (Hanley-Bowdoin et al.,
1999; Harrison and Robinson, 1999; Mayo and Pringle, 1998). Geminiviruses
contribute only a few factors for their replication and transcription and are dependent on
the nuclear DNA and RNA polymerases of their host plants. These properties are
unusual among plant viruses, most of which are RNA viruses that replicate through RNA
intermediates using virus-encoded replicases (Hanley-Bowdoin et al., 1999).
According to the Sixth Report of the International Committee on
Taxonomy of Viruses (ICTV), geminiviruses are divided into three genera, Mastrevirus,
Curtovirus, and Begomovirus. Members of these genera are different with respect to
their insect vector, host range, and genome structure and organization (Mayo and Pringle,
1998).
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Viruses in the genus Mastrevirus are obligately leafhopper-transmitted.
They are monopartite viruses possessing a ssDNA genomic component Each
mastrevirus genome is of approximately 2.7 kb long. Typically, it contains four
divergent coding sequences separated by a common region. It also has a characteristic
intron in the complementary-sense transcription unit Mastreviruses have relatively
narrow host ranges and that they infect mainly monocots, although a few can infect
dicots. The type member of this genus is Maize streak virus (Hanley-Bowdoin et al.,
1999; Mayo and Pringle, 1998).
Curtovirus members, like those in the genus Mastrevirus, also are
monopartite and obligately leafhopper-transmitted. However, their genomic components
are typically 3.0 kb long with seven coding sequences. Unlike mastreviruses,
curtoviruses have very wide host ranges, including over 44 families of dicot plants. Beet
curly-top virus is the type species (Hanley-Bowdoin et al., 1999; Mayo and Pringle,
1998).
Begomovirus is the largest genus of the family Geminiviridae. More than
50 species have been reported to date. Most of them are obligately transmitted by the
whitefly, B. tabaci in a persistent manner, but some are also mechanically transmissible.
Almost all begomoviruses are bipartite viruses possessing two ssDNA genomic
components, but a few exceptions are monopartite species. The length of each genomic
component varies from 2.5 to 2.8 kb (Harrison and Robinson, 1999). Typically
begomovirus genomes contain six to eight open reading frames (ORF). Six of these
ORFs seem to be universally present Genome organization of Begomovirus is similar
to that of Curtovirus. Begomoviruses have relatively narrow host ranges including only
dicots. Bean golden mosaic virus is considered as the type member of this genus
(Hanley-Bowdoin et al., 1999; Mayo and Pringle, 1998).
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In the last 10 years, both the number and diversity of viruses in the genus
Begomovirus have been rapidly increasing. These viruses cause many diseases in dicot
crops and wild plants. The symptoms typically consist of leaf curling, mosaic, vein
yellowing or more generalized leaf yellowing, and stunting. Some of these diseases are
among the world’s most economically important plant virus diseases, including those of
cassava, cotton, and tomato (Harrison and Robinson, 1999; Pico et al., 1996; Polston
and Anderson, 1997). More than 50 nucleotide sequences of entire begomovirus
genomes have been listed in the GenBank database. Based on sequence comparison, all
begomovirus genomes contains some conserved sequences, and have similar genome
organization.
The genomes of begomoviruses, with some exceptions, typically consist
of two DNA components, designated DNA-A and -B. Both genomic components of a
bipartite begomovirus are required for an efficient infection. DNA-A encodes all
information necessary for viral replication and encapsidation. Therefore, it can replicate
autonomously in an infected cell. In contrast, the DNA-B cannot replicate in the absence
of the DNA-A. However, the DNA-B is required for viral systemic movement and
symptom production in the host plants (Hanley-Bowdoin et al., 1999). There are a
number of begomoviruses that have or require only one genomic component fo r
infection. These monopartite begomoviruses include Ageratum yellow vein virus
(AYVV) (Tan et al., 1995), Cotton lea f curl virus (CLCuV) (Briddon et al., 2000; Zhou
et al., 1998), Tomato yellow lea f curl virus (TYLCV) (Navot et al., 1991), and Ipomoea
yellow vein virus (IYVV) (Banks et al., 1999). Their genomic components have been
suggested to be equivalent to DNA-A o f bipartite begomoviruses (Tan et al., 1995; Zhou
etal., 1998).
There are one to two ORFs, depending on virus species, located on the
ssDNA of the DNA-A component encapsidated in the virus particle. The encapsidated
20

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

strand is called the virion strand. These ORFs are designated A V1 and 2 according to
their location (A component and virion [V] strand). There is also the other nomenclature
system that the ORFs are named after both their location and direction o f transcription. In
this system the A V 1 and 2 ORF are designated AR1 and 2 (A component and rightward
[R] or clockwise) (Lazarowitz, 1992). The other 3 to 4 ORFs are specified by
overlapping sequences on the complementary strand which is synthesized in the infected
host cells, and they are designated as AC1 to 4 (also AL1 to 4). There are 2 ORFs on the
DNA-B of bipartite geminiviruses, BV1 (also BR1) on the virion strand and BC1 (also
BL1) on the complementary strand.
The AC1 ORF encodes the replication-association, or Rep, protein which
plays key roles in geminivirus DNA replication and transcription. The Rep protein
confers virus-specific recognition of its cognate origin of replication and initiates virion
strand DNA replication. It represses its own expression at the level of transcription. In
addition, the Rep protein stimulates the expression of at least one plant protein that plays a
role in DNA synthesis in non-dividing differentiated cells, possibly through interactions
with the plant cell cycle machinery (Hanley-Bowdoin et al., 1999).
The AC2 gene encodes a nuclear protein that trans-activates the A V 1 and
B V 1 genes on the virion strand through an unknown mechanism (Sunter and Bisaro,
1997), while the protein product of the AC3 ORF plays a role in the induction o f viral
DNA accumulation. However, like the AC2 protein, little is known about the
mechanisms of the AC3 protein (Hanley-Bowdoin et al.,1999).
The entire AC4 ORF overlaps with the AC1 ORF, but in a different
reading frame. Mutation within this coding sequence attenuated symptom development in
a host-dependent fashion, possibly by impacting viral movement or the ability to induce
host replication machinery (Hanley-Bowdoin eta l., 1999). Although the AC4 protein
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has been suggested to a play role at the transcription level, its exact mechanism is still not
known (Harrison and Robinson, 1999).
The coat protein subunit of a begomovirus is encoded by the A V I ORF.
It also plays roles in induction o f the viral DNA accumulation. The AV2 ORF can be
found overlapping with the A V I ORF in some begomoviruses. The function of the AV2
is still not clear, but it has been suggested to play a role in encapsidation and movement of
monopartite begomoviruses (Hanley-Bowdoin et al., 1999).
The BV1 ORF encodes a movement protein that binds and transports the
viral ssDNA across the nuclear envelope (Noueiry et al., 1994). It also plays a role in
viral DNA accumulation (Hanley-Bowdoin et al., 1999). The BC1 protein product
mediates the cell-to-cell movement of the viral BV 1-ssDNA complex. However, the
transport mechanism is still not clear. It has been suggested to move across the cell wall
through either modified plasmodesmata (Noueiry et al., 1994) or the endoplasmic
reticulum-derived tubules (Ward et al., 1997). The BC1 protein also activates symptom
development in the host (Hanley-Bowdoin et al., 1999).
Between DNA-A and -B of the same bipartite begomovirus species, there
is no homologous sequence, except an approximately 200-nucleotide long region located
between the AC1 and A V 1 coding sequences. It is called the common region (also the
intergenic region). The common region sequence is nearly identical between DNA-A and
-B of any single bipartite begomovirus species, but almost completely different among
genomic components of different species. Within the common region, there is a
conserved stem-loop motif that plays a role in the virus replication. This conserved stemloop motif is present in every begomovirus. Biochemical studies showed that the
begomovirus Rep protein acts as a site-specific endonuclease that nicks the virion strand
DNA at the position between the 7th and 8th base of the nanonucleotide, TAATATTAC,
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on the loop structure. After nick formation, the replication of the virion strand initiates
(Hanley-Bowdoin et al., 1999; Harrison and Robinson, 1999).
Other than a conserved stem-loop motif, there are two to five copies of
iterative elements (six to twelve nucleotides long) located within the common region.
These iterative elements are present as direct and inverted repeats flanking the T AT A box
on the 5 ’end of the common region relative to the stem-loop motif. They play a role as
the virus-specific binding sites o f the Rep protein which is necessary for both replication
and transcription o f the virus (Harrison and Robinson, 1999). Also located within the
common region are the regulatory elements, the TATA and G boxes. These promoters
serve as the binding site of plant DNA-dependent RNA polymerase for the
complementary strand transcription (Hanley-Bowdoin et al., 1999).
All viruses in the family Geminiviridae, including begomoviruses, employ
the same general strategies to replicate and express their genomes. They use the rolling
circle mechanism to amplify their ssDNA genomes and to produce dsDNAs that then
serve as replicative and transcriptional templates. However, the replication and
transcription processes of geminiviruses are still not entirely clear (Hanley-Bowdoin et
al., 1999).
Rolling circle replication is a two-step process in which leading and
lagging strand DNA synthesis are separate events. In the first step, the single-stranded
“plus” (or virion) strand is used as a template for the synthesis of the “minus” (or
complementary) strand to generate the double-stranded replicative form. During the
second step, the replicative form serves as a template for plus strand synthesis to generate
free ssDNA (Hanley-Bowdoin et al., 1999). Only little is known about the proteins and
mechanisms involving minus strand synthesis. It has been suggested that an RNA
molecule generated either through RNA polymerase or DNA primase activity primes the
minus strand, and that the whole DNA synthesis is mediated entirely by host factors.
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This is because only the coat protein, which is not required for the viral replication, has
been detected in the virions. Therefore, none of the viral proteins are thought to be
present or required for the minus strand synthesis during the formation of replicative
dsDNA (Hanley-Bowdoin et al., 1999). A site-specific nick on the plus strand o f the
replicative dsDNA caused by the Rep protein acts as a primer for synthesis o f the new
plus strand. The subsequent events involving strand elongation and the enzymes that
mediate them are not well characterized. It is likely that plant nuclear replication
machinery is used since geminiviruses do not encode any protein with sequence
homologous to known DNA polymerase (Hanley-Bowdoin et al., 1999; Lazarowitz,
1992).
Since the coding regions of begomoviruses are located on both virion and
complementary strands, it is clear that they are transcribed in a bidirectional manner. The
viral RNAs are polyadenylated and initiated downstream of either consensus TATA box
motif or initiator elements, indicating that they are transcribed by host RNA polymerase II
(Hanley-Bowdoin et al., 1999; Lazarowitz, 1992). Like mechanisms for the viral
replication, the expression strategies used by begomoviruses are still not clearly
understood. Based on the available transcription profile studies, it is likely that the
monopartite and bipartite begomoviruses may use different strategies to transcribe their
overlapping ORFs (Hanley-Bowdoin et al., 1999). Further studies need to be conducted
for better understanding o f this complex mechanism.
2.5

Phylogenetic Relationships between B egom oviruses
The classification of the members o f Geminiviridae is based on the

viruses host range, insect vector, and genome organization. The current division of the
family is supported by phylogenetic analyses using partial or entire viral genome
sequences. Partial sequences of the geminivirus genomes which are the most widely
used for phylogenetic analysis are the AC1, A V I, and B V 1 ORF and the common region.
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Analyses based on these sequences gave similar results compared to those generated from
the whole DNA-A and B (Brown et al., 1999; Padidam et al., 1995). All phylogenetic
analyses reported to date indicated that the geminiviruses formed two distinct clusters of
whitefly-transmitted, dicot infecting viruses, and leafhopper-transmitted, monocotinfecting viruses (Arguello-Astorga et al., 1994; Bradeen et al., 1997; Padidam et al.,
1995; Rybicki, 1994). This led to the hypothesis of geminivirus origin and evolution
suggesting that both groups might have diverged from a common ancestor species which
might have existed before the divergence of their insect vectors.
As more viral DNA sequences have been characterized, the genus
Begomovirus has been subdivided into two clusters according to their geographical
origins (Padidam et al., 1995). One contains viruses originated from the Old World (also
Eastern Hemisphere) which includes Africa, Asia, Australia, and Europe. The other
consists of viruses originated from the New World (also Western Hemisphere) which
includes the entire American continent These phylogenetic analyses indicated that the
sequence divergence of geminiviruses has continued after the hypothesized separation of
a mastrevirus ancestor from that o f begomovirus (Padidam et al., 1995; Rybicki, 1994).
2.6

The Em erging Begom oviruses
During the last 10 years, begomoviruses have become a major group of pathogens

of vegetables in the subtropics and tropics around the world, especially in the Western
Hemisphere (Polston and Anderson, 1997). These begomovirus epidemics are caused by
both the previously reported species and the newly emerging ones. Some important
factors have been suggested to cause the evolving and spreading of these viruses which
include the high level of sequence variation within the begomovirus populations and the
worldwide outbreak of their insect vector, B. tabaci biotype B (Harrison and Robinson,
1999; Polston and Anderson, 1997).
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Unlike other plant RNA viruses, geminiviruses use plant DNA replication
machinery for replicating their DNA genomes and hence are presumed to have a high
fidelity of replication. However, although careful studies of mutation frequency have not
been conducted, geminiviruses appear to exhibit a considerable degree of sequence
variation between strains, both within and between populations, and they appear to have a
rapidly expanding host range. The source of this variation is not clear, and it may reflect
a lack of postreplication repair (Rossinck, 1997). Although the begomovirus sequence
variation depends mainly on mutation, the effect of the changes is amplified by various
kinds of genome alteration brought about by acquisition of additional DNA molecules,
pseudo-recombination, or recombination (Harrison and Robinson, 1999). The chance
that this amplifying mechanism will come into play is affected by several factors. One of
these is the incidence of multiple infections. In the New World, the introduction of the
biotype B of B. tabaci has greatly increased both virus spread and the chance o f multiple
infection (Harrison and Robinson, 1999; Polston and Anderson, 1997). The B biotype
whitefly are more fecund than most other biotypes, and resistant to several pesticides.
This B biotype also has an unusually wide host range and can transmit begomoviruses
between plants that are not hosts o f other B. tabaci biotypes (Harrison and Robinson,
1999; Markham et al., 1994; Pico e t al., 1996). Some researchers consider B biotype as
a new species, B. argentifolii. It can be distinguished from other B. tabaci populations
based on biological, biochemical, and genetic differences (Pico et al., 1996; Polston and
Anderson, 1997). The other factors that would favor recombination in multiple-infected
plants are the existence of shared sequences within the genome of different
begomoviruses, and the fact that begomovirus DNA is replicated in the nucleus where
host enzymes involving DNA recombination are located (Harrison and Robinson, 1999).
The emergence and spread o f the begomoviruses have enhanced the need of
detection method for these viruses. However, to develop such detection methods,
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biological and molecular characterization of each virus are necessary. Combining the
knowledge of viral properties with molecular techniques, many rapid, sensitive, and
reliable methods to detect the viruses can be developed; including ELISA, dot blot
hybridization, and PCR. The use of such molecular techniques will certainly improve the
knowledge of the epidemiology of these emerging viruses and lead to the rationalization
of indexing procedures for the screening and certifying o f ‘virus-free’ plant germplasm
repositories. Moreover, by understanding the molecular biology of the plant-virus
interaction, the development of resistant plants using recombinant DNA technology can
be achieved.
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CHAPTER 3

DETECTION OF A GEM INIVIRUS INFECTING SWEET
POTATO IN THE UNITED STATES!

3.1 Introduction
Sweet potato {Ipomoea batatas (L.) Lam.) ranks seventh in worldwide food
production and is an economically important crop in Louisiana. Preliminary data suggest
that viruses may significantly affect yield and quality of sweet potatoes and contribute to
cultivar decline (C.A. Clark, unpublished). Although sweet potato has been widely
recognized to be infected by viruses, only one well-characterized virus, Sweet potato
feathery m ottle virus (SPFMV), has been reported to occur in sweet potato fields in the
United States (Clark and Moyer, 1988). Recently, a crinivirus, Sweet potato chlorotic
stunt virus (SPCSV), was reported infecting in vitro plants o f the cultivar White Bunch
from the USDA Plant Genetics Resources Conservation Unit, Griffin, GA (Pio-Ribeiro
et al., 1996). However, there have been many other reports o f virus-like symptoms that
lacked characterization o f the causal virus(es) (Girardeau and Ratcliffe, 1960; Hildebrand,
1959; Hildebrand, 1961). Many other viruses have been reported to infect sweet potato
in different parts o f the world (Clark and Moyer, 1988; Moyer et al., 1989; Moyer and
Larsen, 1991; Moyer and Salazar, 1989;Rossel, 1981). Sweet potato lea f curl virus
(SPLCV) (Chung et al., 1985; Green et al., 1992; Liang et al., 1990; Osaki and Inouye,
1991) and Ipomoea crinkle lea f curl virus (ICLCV) (Cohen et al., 1997), each inducing
leaf curi symptoms on sweet potato, have been reported in Taiwan and Japan, and in
Israel, respectively. Although complete characterization has not been reported, these
reports indicate that the causal agents are whitefly-transmitted geminiviruses.
In 1994, sweet potato samples were collected from various growers and
experimental plots in Louisiana and grafted onto I. setosa . Most samples were infected
with SPFMV, but many induced more severe symptoms in I. setosa than those induced
1Reprinted by permission o f ‘Plant Disease’ (Lotrakul et al. 1998.82:1253-1257)
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by SPFMV alone. One sweet potato sample o f the breeding line W-285 from the USDAARS Vegetable Laboratory, Charleston, SC (planted for variety trials) showed leaf curl
symptoms. When graft-inoculated on I. setosa and I. nil cv. Scarlet O ’Hara, it induced
leaf distortion and chlorosis symptoms. When graft-inoculated, /. aquatica reacted with a
bright yellow mottle. SPFMV was present in the original source but had been eliminated
by passage through I. aquatica. Because these symptoms were not typical of those
induced by other sweet potato viruses, we investigated the identity of the virus(es). Here
we present evidence that suggests that the virus isolated from the sweet potato line W-285
and designated the United States isolate of Sweet potato le a f curl virus (SPLCV-US)
belongs to the geminivirus group.
3.2 M aterials and M ethods
3.2.1 V irus Isolates
Shoots from a field-collected sweet potato breeding line W-285 plant
showing leaf curl symptoms were grafted onto I. setosa and /. aquatica. SPFMV was
then detected by serologically specific electron microscopy in I. setosa but not in I.
aquatica, and thus infected I. aquatica plants were used for subsequent isolations. During
whitefly transmission experiments, a single whitefly transmission isolate of SPLCV-US
was obtained and used in most experiments. Other virus isolates used for comparison
were individual-aphid-probe isolates of SPFMV from Louisiana and an individualwhitefly-transmitted isolate of SPCSV.
3.2.2 H ost R eactions
Graft-inoculations were conducted using scions from SPLCV-infected /.
aquatica. Graft-inoculated plant species included /. batatas cvs. TIB-8, Tanzania (PI595887), No. 29 (PI-595889), W-285, and Beauregard, I. aquatica, I. alba, I.
cordatotriloba (syn. I. trichocarpa), /. fistulosa, /. lacunosa, I. lobata, I. purpurea, I.
saintronanensis, /. tiliaceae, and I. trifida. At least four plants per species were grafted.
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Symptoms were recorded 2 to 4 weeks after grafting. Graft-inoculations to I. aquatica, I.
nil, I. setosa, and I. batatas were also conducted using the single-whitefly-transmission
isolate of SPLCV-US. I. setosa and I. nil cv. Scarlet O ’Hara were also graft-inoculated
with mixed infections of SPFMV and SPLCV-US. Mechanical inoculations using
phosphate buffer, pH 7.2, were also conducted on the following plant species:
Chenopodium quinoa, I. aquatica, I. nil, I. setosa, Nicotianabenthamiana, and N .
glauca.
3.2.3 W hitefly Transmission
The sweet potato whitefly, Bemisia tabaci biotype B, was used in
transmission experiments. Colonies were established on cotton and kept in Plexiglas
cages in the laboratory. Single whiteflies and groups of 5, 10,20,30, and 40 were used.
Acquisition and transmission feedings were for 2 days. In all cases, 5- to 7-day-old /. nil
was used as the transmission hosts, and I. setosa, /. aquatica, or I. nil cv. Scarlet O’Hara
infected with SPLCV-US was used as acquisition host Symptoms were recorded 2 to 3
weeks after transmission feedings. Similar experiments were conducted using the banded
winged whitefly, Trialeurodesabutilonea, except that only groups of 20 were used.
Other transmission hosts tested using groups o f 40 whiteflies (B . tabaci biotype B)
include AT. glauca, Capsicum annuum cv Yolo Wonder, Daturastramonium,
Lycopersicon esculentum cv Rutgers, and N. clevelandii.
3.2.4 M olecular Hybridization
Full-length clones of the following begomoviruses were used as probes in
molecular hybridization studies: an isolate of Tomato yellow lea f curl virus from the
Dominican Republic (TYLCV-DR), an isolate of Bean golden mosaic virus from
Guatemala (BGMV-GA), an isolate of Tomato mottle virus from Florida (ToMoV-FL)
(Provided by R. Gilbertson, University of California, Davis), and Pepper hausteco virus
(PHV) (provided by R. Rivera-Bustamante, CINVESTAV, Mexico). Total DNA was
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extracted from 1.0 g o f foliar tissues and young shoots o f I. aquatica, I. nil, I. setosa, I.
cordatotriloba, and I. batatas infected with SPLCV-US o r noninfected. The method o f
Dellaporta et al. (1983) and, in some experiments, DNeasy kit (Qiagen, Santa Clarita,
CA) were used. DNA extracted from Phaseolus vulgaris and C. annuum infected with a
Florida isolate of BGMV (BGMV-FL) and PHV, respectively, were used as positive
controls. DNA was separated in 1.2 % agarose gels in TBE buffer and transferred to
nitrocellulose membranes after NaOH denaturation (0.5 M NaOH and 1.5 M NaCl for 30
min, neutralize in 1.5 M NaCl and 0.5 M Tris-HCl, pH 7.5) (Sambrook et al., 1989).
Membranes were air-dried, and baked at 80°C for 2 h. Molecular hybridizations were
conducted using Amersham’s ECL kit (Arlington Heights, IL) following the described
procedure (Valverde et al., 1994). Probes were prepared by boiling 0.1 to 0.5 g o f gelpurified DNA (geminivirus component A and B separately) in ddH20 for 10 min
following by rapid cooling on ice. ssDNA was direct labelled with horse radish
peroxidase using glutaraldehyde. The average probe concentration used was 10 ng of
probe per ml. Hybridization was conducted overnight at 42°C in Amersham’s gold
hybridization buffer containing 0.5 M NaCL (high stringency), 5 % Amersham’s
blocking reagent, and Amersham rate enhancer. All membranes were washed under high
stringency conditions (two 20-min washes at42°C using 0.1 x SSC [0.15 M NaCl plus
0.015 M sodium citrate], 6.0 M urea, 0.4 % sodium dodecyl sulfate [SDS]; and two 5min washes at room temperature using 2 x SSC). A fter washing membranes,
chemiluminescent detection reagents were used, and membranes were exposed to X-ray
film.
3.2.5 Polym erase Chain Reaction (PCR)
PCR experiments were conducted using total DNA extracted by the method of
Dellaporta et al., (1983) from 0.5 to 1.0 g o f I.aquatica, I. nil, I. setosa, /.
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cordatotriloba, and I. batatas infected with SPLCV-US or noninfected. DNA was
suspended in 500 }A o f sterile ddH20 , and 1 pA was used for PCR reactions. Similar
extracts were conducted using 30 to 50 viruliferous whiteflies with DNeasy. Total DNA
was extracted from 15 to 20 viruliferous whiteflies using the protocol of Zeidan and
Czosneck (1991). In some experiments, DNA (2 to 3 kb and 1 to 1.2 kb) obtained by
Dellaporta’s method was further purified after electrophoresis using UltraClean 15 DNA
purification kit (MO BIO Laboratories Inc., Solana Beach, CA). DNA extractions using
DNeasy were performed also. Two sets of degenerate primers, one reported to amplify
subgroup III geminiviruses (AV494/AC1048) (Wyatt and Brown, 1996) and another
reported to amplify four distinct geminiviruses (PA Llvl978/PARlc496) (Rojas et al.,
1993), were used in all PCR experiments. Oligonucleotide primers were synthesized by
the Gene Lab (Louisiana State University). The final PCR reaction mixtures (50-/4 total
volume) contained 2.5 mM MgCl2, 1 x PCR reaction buffer, 200 piM. dNTP mixture, 0.2
piM of each primer, 2.5 units o f Taq DNA polymerase (Promega, Madison, WI), and 1
}A o f DNA sample. DNA from plants infected with PHV and BGMV-FL were used as
positive controls. DNA from healthy plants was also included in these experiments.
PCR was performed in a DNA thermal cycler (Perkin-Elmer Cetus, Norwalk, CT) with
35 cycles (50 cycles in some experiments), each consisting of 1 min at 94°C, 1 min at
45°C, and 3 min at 72°C. A final extension step of 10 min at 72° C also was included.
PCR products were separated by electrophoresis and stained with ethidium bromide.
Selected gels were used for Southern blots as described above.
3.2.6 Electron M icroscopy
Tissue samples (veins, with adjacent mesophyll) from SPLCV-US
infected and healthy/, aquatica, /. nil, I. setosa, and I. cordatotriloba were fixed for
electron microscopy studies. Samples were fixed with 4 % glutaraldehyde in 0.05 M

32

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

cacodylate buffer (pH not adjusted) for 2 h at room temperature, followed by three
washings with buffer ( 20-min each). After postfixation in 1 % osmium tetroxide for 2 h,
samples were washed briefly with ddH .,0 and stained with 0.5 % uranyl acetate at 4°C.
Infiltration was achieved with 50 % (v/v) London Resin White in 100 % ethanol. Blocks
were polymerized at 60°C for 8 h. Ultrathin sections were stained in lead citrate and
observed using a Jeol transmission electron microscope. Symptomatic leaves of /.
aquatica, I. cordatotriloba, and I. nil, and whiteflies that had fed on infected plants for
more than 1 week were homogenized in 0.1 M sodium phosphate buffer, pH 7.0 (1:2
w/v). After staining with 2 % uranyl acetate, samples were examined with the electron
microscope.
3.3 R esults
3.3.1 H ost Reactions
Symptoms incited by SPLCV-US on 1. aquatica, I. cordatotriloba,
and /. fistulosa consisted of yellow vein mottle and mild leaf curling (Fig 3.1 A). L alba,
I. lacunosa, /. lobata, I. nil, /. tiliaceae, and I. trifida reacted with severe leaf curling,
interveinal chlorosis, and stunting (R g 3 .IB). I. setosa reacted with varying degrees of
mild leaf curing, interveinal chlorosis, and stunting (Fig 3.1C). I.purpurea and I. batatas
cvs. Beauregard, TIB-8, Tanzania, and No. 29 did not show symptoms, although the
virus could be recovered in back-inoculations to /. nil. W-285 showed transient leaf
curling (Fig 3. ID). Coinfections of SPFMV and SPLCV-US in I. setosa and I. nil
resulted in severe leaf distortion, general chlorosis, and stunting. Mechanical
inoculations were unsuccessful, as determined by lack of symptoms and negative results
of Southern hybridizations.
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3.3.2 W h ite fly T ran sm issio n
Transmission rates using various numbers of the sweet potato whiteflies
are shown in Table 3.1. Normally, symptoms developed within 10 to 16 days after
transmission. Attempts to transmit SPLCV-US using T. abutilonea failed. Symptoms
were not obtained nor was virus detected from transmission experiments to C. annuum,
D. stramonium, L. esculentum, N. clevelandii, or N. glauca.
3.3.3 M o le c u la r H y b rid izatio n
DNA probes prepared with component A of BGMV-GA, ToMoV-FL,
PHV, and TYLCV-DR hybridized with a 2.6-kb DNA band present in total DNA extracts
from plants infected with SPLCV-US (Fig. 3.2). Additionally, a DNA band of
approximately 1.3 kb was consistently obtained in total DNA extracts and hybridized with
all four probes. Probes prepared with the B component of these geminiviruses did not
hybridize with DNA extracts from infected plants (data not shown). Observed relative
nucleic acid yields were slightly greater when extracted from I. aquatica or /.
cordatotriloba but very low when I. batatas was the source host (Fig 3.2) DNA extraction
using DNeasy did not improve SPLCV-US associated DNA yield.

T ab le 3.1. Sweet potato whitefly (Bemisia tabaci biotype B) transmission of the United
States isolate of Sw eet potato leaf curl virus after 2-day acquisition and transmission
W hiteflies p e r p lan t

In fec ted p lan ts/ p la n ts teste d b

2/75
1
1/25
5
2/18
10
4/17
20
30
7/15
7/13
40
a Acquisition hosts were Ipomoea aquatica and I. setosa and transmission host was I. nil.
b Individual I. nil plants were exposed once (for 2 days) to the given number of
viruliferous whiteflies.
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F ig u re 3.1. Symptoms induced by the United States isolate of Sweet potato lea f curl
virus after graft inoculation to (A) Ipomoea aquatica, (B) I. nil, (C) I. setosa, (D) /.
batatas cv W-285 (infected and healthy).
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3.3.4 P C R
Whether using DNeasy, Dellaporta’s DNA purification method, or gelpurified DNA, we were unable to amplify SPLCV-US DNA products in quantities that
could be visualized by ethidium bromide staining. However, Southern blots from
amplifications with primers AV494/AC1048 revealed PCR products of approximately
600 bp and 550 bp when the TYLCV-DR probe was used. These results were consistent
from I. cordatotriloba and less consistent from I. aquatica o r I. setosa. PCR products
were not obtained from viruliferous whiteflies or from I. batatas. Primers
PALlvl978/PARlc496 did not amplify any SPLCV-US specific DNA, but fragments of
expected size were obtained when BGMV-FL or PHV DNA was used.
3.3.5 E le c tro n M icroscopy
Fibrillar inclusions and granular aggregates o f virus-like particles
were observed in the nucleus of infected I. cordatotriloba (Fig 3.3). Similar inclusions
were not observed in healthy tissues. These inclusions were not frequently detected. We
did not detect these inclusions in three other Ipomoea species examined. Geminivirus
particles were not observed after negative staining the homogenates of infected plants or
whiteflies.
3.4 D iscussion
During the early 1960s, several whitefly-transmitted virus-like diseases were
reported to occur in sweet potato in the United States (Girardeau and Ratcliffe, 1960;
Hildebrand, 1959; Hildebrand 1961). However, the putative viruses were not isolated or
characterized, and no further research was published to confirm these reports. Because
of the lack of defined symptoms induced by whitefly-transmitted viruses on currently
used commercial sweet potato cultivars, it is likely that these viruses have been
overlooked. SPLCV-US did not induce leaf curl or any symptoms on Beauregard, TIB8, Tanzania, or No. 29. It is fortuitous that W-285 developed unique leaf curl symptoms
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1 2 3 4

5 6 7 8 9 1 0 1 1 1 2

1

2

3

4

5

6

7

8

9 1 0 11 1 ^

Kb
5.0 _

2.0 _

0.9 _

F ig u re 3.2. Detection of the United States isolate of Sweet potato lea f curl virus from
various Ipomoea species using a probe prepared with a recombinant plasmid with DNA
inserted from an isolate of Tomato yellow lea f curl virus from the Dominican Republic
(TYLCV-DR). (A) Agarose gel (1.2 %) containing DNA from: lane 1, TYLCV-DR
DNA-A; lane 2, DNA ladder (Lambda DNA digested with H indlll and ficoRI); lane 3,
healthy I. batatas', lane 4, infected I. batatas cv Beauregard; lane 5, healthy I. setosa-, lane
6, infected L setosa-, lane 7, infected I. cordatotriloba-, lane 8, healthy I. nib, lane 9,
infected/, nil; lane 10, healthy I.aquatica; lane 11, infected/, aquatica; and lane 12,
infected I. cordatotriloba. Total DNA was extracted from 1.0 g o f tissue and the
equivalent o f 0.025 g was loaded in the gel. DNA samples in lane 7 and 12 are from two
independent extractions. (B) Southern blot hybridization of the gel. Probe was prepared
by direct labeling using the ECL kit (Amersham). Exposures to X-ray film were for 2 h.
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F ig u re 3.3. Ultra thin sections o f leaves from Ipomoea cordatotriloba infected with the
United States isolate o f Sweet potato leaf curl virus: (A) nucleus of a phloem parenchyma
cell showing fibrillar inclusions (FR) and (B) aggregates o f virus-like particles (V).
Scale bars = 300 nm (A) and 400 nm (B).
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when infected by SPLCV-US. Similarly, we have noted lack o f symptoms induced by a
whitefly-transmitted closterovirus infecting sweet potato (R.A. Valverde and C.A. Clark,
unpublished). The fact that unreported viruses have been found in symptomless sweet
potato illustrates the need for systematic survey of sweet potatoes in the United States for
viruses.
Leaf curling symptoms on I. batatas breeding line W-285 were not observed
throughout the year under greenhouse conditions. Molecular hybridization tests revealed
that SPLCV-US titer in I. batatas appears to be very low. Nevertheless, the virus was
readily detected by graft-inoculations to indicator hosts, especially I. aquatica and I. nil.
This suggests that specific detection of this virus from sweet potato may require grafting
to an indicator followed by molecular hybridization o r PCR from the indicator host tissue.
Relatively low amounts of geminivirus-specific PCR products were obtained from
three different hosts infected with SPLCV-US, although the amplified DNA amounts
were not detectable with ethidium bromide staining. However, Southern blot
hybridizations using TYLCV-DR probes revealed the presence of these PCR products.
Dilutions or increases in DNA concentrations did not improve yields of PCR products,
but increasing the number of PCR cycles (from 35 to 50) slightly improved the DNA
yields from SPLCV-US infected plants (data not shown). We were unable to reamplify
these PCR products. W e are not sure why we were not able to obtain relatively high
amounts of PCR products, but some factors that could be involved are low homology
between primers and target DNA, low concentration o f target DNA, and plant inhibitors.
Results obtained with SPLCV-US, such as symptomatology, transmission by B .
tabaci biotype B, positive hybridization with clones o f four begomoviruses, PCR
amplification with geminivirus-specific primers, and cytopathology support placing this
virus in the geminivirus group. The SPLCV-US reported here has similar properties to
SPLCV reported from Taiwan and Japan (Chung eta l., 1985; Osaki and Inouye, 1991).
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In contrast, ICLCV from Israel (Cohen et al., 1997) appears different; it did not infect I.
purpurea or I. trichocarpa, and did not induce consistent or reliable symptoms on /. nil.
Yet the latter two reacted with severe and consistent symptoms when inoculated with
SPLCV-US. Furthermore, unlike ICLCV, virus particles were not detected from infected
tissues of /. nil. Simultaneous comparisons of biological properties and DNA sequences
o f these three putative geminiviruses are needed to determined their relatedness.
In molecular hybridization studies, probes generated using full-length clones of
TYLCV-DR gave a stronger signal in Southern blots with SPLCV-US DNA than that
obtained with BGMV-GA, ToMoV-FL, or PHV (component A). Based on the relative
strength of the hybridizations, this virus appears to be more closely related to TYLCV-DR
than other viruses tested. Moreover, the lack o f hybridization with component B of
ToMoV-FL, BGMV-GA, and PHV suggests that it could be a monopartite virus or have
a unique DNA-B sequence. The 2.6-kb DNA band associated with SPLCV-US was not
affected by digestions with EcoRL, H indlll, BamHl, P stl, N col, or CZal, but it was
degraded by DNase I and S I nuclease, suggesting that it consists of ssDNA.
The fact that a gemini virus that induces leaf curl symptoms in sweet potato has
now been found in three widely separated regions (the United States, the Middle East,
and the Far East) suggests that this virus(es) may be more widely distributed than
realized. A report from Africa (Rossel, 1981) described similar symptoms being induced
in I. aquatica, but SPLCV has not been reported in Africa. The present distribution of
SPLCV-US in the United States in not known. However, it was also detected in another
breeding line (W-239) which was planted in various sweet potato growing regions of the
United States in 1994 and 1995.
Currently, molecular characterization, development of reliable detection protocols,
and effects on sweet potato yield and quality are under investigation.
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C H A P T E R 4 C LO N IN G O F A D N A -A -LIK E G E N O M IC C O M PO N EN T
O F S W E E T PO TA TO L E A F C U R L VIRU S: N U C L E O T ID E SEQ U EN CE
AND P H Y L O G E N E T IC R E L A TIO N SH IPS2
4.1 I n tr o d u c tio n
Virus in the family Geminiviridae are those with single-stranded DNA genomes.
They can be classified into three genera based on their host plants, insect vector, and
genome organization. Subgroup I geminiviruses, or those in the genus Mastrevirus, are
leafhopper-transmitted monopartite geminiviruses. Most members o f this genus are
monocot-infecting although a few can infect dicot plants. Dicot-infecting, leafhoppertransmitted monopartite geminiviruses are classified into the genus Curtovirus, while
dicot-infecting, whitefly-transmitted bipartite geminiviruses are grouped into the genus
Begom ovirus (Mayo and Pringle, 1998; Padidam et al., 1995; Van Regenmortel et al.,
1997).
Recent increases in whitefly populations throughout tropical and subtropical areas
have led to serious crop losses caused by several whitefly-transmitted geminiviruses.
Many of these viruses are still not well characterized (Brown and Bird, 1992; Pico et al.,
1996; Polston and Anderson, 1997). T o provide more efficient crop protection
strategies, a better understanding o f the virus strains involved and their geographical
distribution is needed.
In 1994, a sweet potato breeding fine (W-285 from the USDA-ARS Vegetable
Laboratory, Charleston, SC) showing leaf curl symptoms was collected from
experimental plots in Louisiana We determined that the causal agent was the United
States isolate o f Sweet potato lea f curl virus (SPLCV-US), a geminivirus transmitted by
whiteflies (Lotrakul et al., 1998). The virus isolate induced upward leaf curl symptoms
on some Ipomoea batatas cultivars. Preliminary studies using electron microscopy,
2Reprinted by permission of ‘Molecular Plant Pathology’
(http://www.bspp.org.uk/mppol/1999/04221otrakul/)
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Southern blot hybridization with cloned geminiviruses, and PCR using gemini virusspecific primers, confirmed that SPLCV-US was a geminivirus (Lotrakul et al., 1998).
In this study, the genome organization o f a DNA-A-like genomic component of
SPLCV-US was determined based on sequences obtained from three overlapping PCR
clones. The relationship o f SPLCV-US with other geminiviruses also was determined.
4.2 M aterials and M ethods
4.2.1 V irus Isolate
SPLCV-US was isolated and maintained in I. setosa and I. nil as
previously reported (Lotrakul etal., 1998). SPLCV was transferred into Nicotiana
benthanuana by whitefly (Bemisiatabaci biotype B) transmission. The presence of
SPLCV-US in N . benthanuana plants with leaf curl symptoms (Fig. 4.1) was confirmed
by Southern hybridization (Lotrakul et al., 1998).
4.2.2 D N A Extraction and Polym erase Chain Reaction (PCR)
Total DNA from 1.0 g of SPLCV-US-infected N. benthamiana foliar
tissue was extracted as described by Dellaporta et al. (1983). The partial genome of
SPLCV-US was obtained by PCR using universal primers that amplify dicot-infecting
geminiviruses (Briddon and Markham, 1994). Two pairs of primers were designed
based on the partial sequence obtained from SPLCV-US. A Pstl restriction site was
added onto each primer. Part of the AC1 gene was obtained by the primer PW285-1
[TAATTCGAA CTGCAGTTCGT ATTTC AGTT] and PW285-2
fGCTAGAGGAGGCCTGCAGACTGCTAACGACG1 while the rest of the component
A DNA was obtained from the primer PW285-3
[CGTCGTTAGCAGTCTGCAGGCCrCCTCTAG] and PW285-4
rAACTGTAAATACGGAACTGCAGTTCGAA lT I. The Pstl site is shown underlined.
The degenerate primers (PrBV1855/PrBC656) (Idris and Brown, 1998) that amplify
DNA-B of begomoviruses were also used in this study. The reaction mixtures were
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carried out as previously described (Lotrakul et al., 1998). PCR was performed in an
Amplitron® II thermocycler (Thermolyne, Dubuque, LA.) with 50 cycles, each consisting
of 1 min at 94°C, 1 min at 55°C, and 3 min at 72°C. A final extension step of 10 min at
72°C also was included. The PCR products were separated by electrophoresis (1.2 %
agarose) and stained with ethidium bromide. The amplified DNAs were recovered from
the gels using the UltraCIeanl5 DNA purification kit (MO BIO Laboratories Inc., Solana
Beach, CA). Purified PCR products were digested with Pstl restriction endonuclease and
cloned into pBluescript IIS K (+) (Stratagene). Restriction endonuclease and T4 DNA
ligase were used as recommended by the manufacturers. Recombinant plasmids were
then transformed into competent cells of Escherichiacoli strain DH5<». Clones were
screened by Southern blot hybridization as previously described (Lotrakul et al., 1998).
4.2.3 Sequence Determ ination
The SPLCV-US DNA sequences were determined by automated sequence
analysis at the DNA sequencing Core Laboratory, University of Florida, Gainesville, FL
(ABI377 DNA sequencer, Perkin Elmer, Foster City, CA). At least three replicate clones
from independent PCR reactions were sequenced to minimize any error caused by Taq
DNA polymerase. Restriction sites were analyzed using the DNAid+ program (F.
Dardel, Ecole Polytechnique, Palaiseau, France) and some predicted sites were confirmed
by digesting with their specific restriction enzymes. Open reading frames (ORF) and
derived amino acid sequences were analyzed using the Translate program (ExPASy
molecular biology server, Swiss Institute of Bioinformatics, Geneva, Switzerland).
4.2.4 Sequence Comparisons and Phylogenetic Analyses
The SPLCV-US nucleotide and derived amino acid sequences were
compared to their counterparts from other begomoviruses. Multiple sequence alignment
was carried out using version 1.7 of the CLUSTAL W program (Thompson et al., 1994).
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Percent identities and similarities between aligned nucleotide and derived amino acid
sequences were determined using the equation: 100 x sum of matching residues -r
{length-gap residues (sequence 1) - gap residues (sequence 2)} (Brown et al., 1999).
Phylogenetic analyses using parsimony and the bootstrap option (100 replicates) were
performed with version 3.5c of the Phylogeny Inference Package (PHYLIP) developed
and distributed by J. Felsenstein (Department of Genetics, University of Washington,
Seattle, WA). Bootstrap values were shown using the >50% majority rule. Geminivirus
sequences used in sequence comparisons and phylogenetic analyses are listed in the
GenBank database under the following accession numbers: Abutilon mosaic virus
(AbMV) (X 15983, U51137), African cassava mosaic virus from Nigeria (ACMV-NG)
(X17095), ACMV from Kenya (ACMV-KY) (J02057), ACMV from Uganda (ACMVUG) (Z83257), Ageratum yellow vein virus (AYVV) (X74516), Althea rosea enation
virus (AREV) (AF014881), Angled luffa lea f curl virus (ALLCV) (AF102276), Bean
dw arf mosaic virus (BDMV) (M88179), Bean calico mosaic virus (BCMoV)
(AF110189), BGMV from Brazil (BGMV-BR) (M88686), BGMV from the Dominican
Republic (BGMV-DR) (L01635), BGMV from Guatemala (BGMV-GA) (M91604),
BGMV from Puerto Rico (BGMV-PR) (M10070), Beet curly top virus (BCTV)
(U56975), Cabbage leafcurl virus (CaLCV) (U65529), Chayote mosaic virus (CMoV)
(AJ223191), Chino del tomato virus (CDTV) (AF226665), three strains of Cottonleaf
curl virus from Pakistan (CLCuV-447, -448, and -455) (AJ002447, AJ002448,
AJ002455), Cowpea golden mosaic virus (CPGMV) (AF029217), Diclipterayellow
mottle virus (DiYMV) (AF139168), East African cassava mosaic virus from Tanzania
(EACMV-TZ) (Z83256), Havana tomato virus (HTV) (Y 14874), Indian cassava mosaic
virus (ICMV) (Z24758), Ipomoea yellow vein virus (IYVV) (AJ132548), Indian
mungbean yellow mosaic virus (IMYMV) (AF126406), M ungbean yellow mosaic virus
from Thailand (MYMV-TH) (ABO17341), Okra yellow vein m osaic virus (OYVMV)
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(AJ002451), Papaya leaf curl virus (PLCV) (Y 15934), Pepper huasteco virus (PHV)
(X70418), P otato yellow mosaic virus from Trinidad and tobago (PYMV-TT)
(AF039031), PYMV from Venezuela (PYMV-VE) (IXI0940), Sida golden mosaic virus
from Florida (SiGMV-FL) (AF049336), SiGMV from Central America (SiGMV-CA)
(Y 11099), Squash lea f curl virus from China (SLCV-CN) (AB027465), SLCV isolate E
from the United States (SLCV-E) (M38183), Sweet potato lea f curl virus from the United
States (SPLCV-US) (AF104036), Taino tomato mottle virus (TToMV) (AFO12300),
Texas pepper virus from Costa Rica(TPV-CR) (AF149227), TPV from the United States
(TPV-TAM) (U57457), Tobacco lea f curl virus (TLCV) (E15418), Tomato golden
mosaic virus (TGMV) (K02029), Tomato le a f crumple virus (TLCrV) (AF101476),
Tomato le a f cu rl virus from India (ToLCV-ID) (U38239), ToLCV from Taiwan (ToLCVTW) (U88692), Tomato mottle virus (ToMoV) (L14460, L 14461),TYLCV from the
Dominican Republic (TYLCV-DR) (AF024715), TYLCV from Israel (TYLCV-IS)
(X I5656), TYLCV from Spain (TYLCV-SP) (Z25751), TYLCV from Thailand
(TYLCV-TH) (M59838), Vigna mungo yellow mosaic virus (VYMV) (A J132575),
W aterm elon chlorotic stunt virus (WmCSV) (AJ245650), and West African cassava
mosaic virus (WACMV) (AF112354).
4.3 R esu lts
4.3.1 P C R and Cloning o f the Am plified SPLCV-US DNA
T he degenerate primers designed from the New World begomovirus
sequences failed to amplify SPLCV genomic DNA in amounts that could be detected by
electrophoresis (Lotrakul et al., 1998). When a pair o f universal primers developed from
the Old W orld begomovirus (ACMV) sequences was used, a consistent 1.3-kb PCR
product was obtained in relatively large amounts. This PCR product included the entire
common region, the complete AC4 ORF and part of the AC1 ORF. Based on the
conserved sequence within the AC1 ORF, two pairs o f primers (designated PW285-1, 45
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2, and PW285-3 and -4) were designed to amplify the whole genomic component o f
SPLCV-US. These primers consistently amplified three PCR products: a 400-bp
fragment (PW285-1 and -2), a 900-bp and a 2.4-kb fragment (PW285-3, and -4). These
three DNA fragments were consistently amplified from DNA of SPLCV-US-infected
plants, but not from healthy plants. The 400-bp and 900-bp fragments included the
sequence from the same regions as the 1.3-kb fragment obtained earlier using the
universal primers. However, the 2.4-kb PCR product contained the sequence that was
not present in the 1.3-kb fragment, and it included the A V I, AV2, AC2, and AC3 ORFs.
Although it was obtained by using the same pair of primers, this 2.4-kb fragment was
amplified in relatively small amount compared to the 900-bp fragment With the
sequences from these three overlapping clones; 400-bp amplified by PW285-1 and -2,
1.3-kb amplified by the universal primers (Briddon and Markham, 1994), and 2.4-kb
amplified by PW285-3 and -4, the entire DNA-A-like genomic component of SPLCV-US
was assembled.
4.3.2 Genom e O rganization o f SPLCV-US
The complete nucleotide sequence of SPLCV-US DNA-A-like genomic
component consisted o f 2828 bp. The sequence was submitted to the GenBank database
under the accession number AF104036. Based on computer analyses and sequence
comparisons, six ORFs and a common region were detected (Fig. 4.2). ORFs were
located on both virion and complementary sense strands. The approximately 170-bp
common region contains a conserved stem-loop motif found in all geminiviruses so far
characterized. The sequence of the stem-loop motif of SPLCV-US is:
GGCGGGCACCGTATTAATATTA CCGGTGCCCGCC. The underlined bases
represent the potential stem structure while the bold bases represent the conserved
nanonucleotides that play role in DNA replication (Laufs et al., 1995). Moreover, within
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Figure 4.1. Symptoms on Nicotianabenthamiana induced by the United States
isolates of Sweet potato lea f curl virus after whitefly transmission.
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F ig u re 4.2. Genome organization o f the United States isolate of Sweet potato lea f curl
virus (SPLCV-US) DNA-A-like genomic component. Arrows represent the orientation
o f the open reading frames. The numbers represent the position of nucleotides on the
genome.
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the common region, three incomplete direct repeats of an iterative element, TGGAGACA,
were located near the 5 ’ end of the TATA box (Fig. 4.3). One inverted copy of the
iterative element, TGTCTCCA, was detected on the 3 ’ end of the TATA box.
4.3.3 Sequence Com parisons
When compared to sequences from 50 begomoviruses, the SPLCV-US
DNA-A-like genomic component was similar to that of IYVV from Spain (89.86 %
nucleotide sequence identity) (Table 4.1). Less than 66 % percent identity was obtained
between SPLCV-US and the other begomoviruses. Five begomoviruses that had the
highest percent nucleotide identity to SPLCV-US were selected for further comparisons.
More than 90 % nucleotide and derived amino acid sequence identity was detected
between the A V I, AV2, AC1, and AC4 ORF of SPLCV-US and IY VV (Table 4.2).
Although the AC2 and AC3 ORF of these two viruses shared only 79 and 76 %
nucleotide sequence identity, respectively, their derived amino acid sequences shared over
87 % derived amino acid sequence similarity (Table 4.2). SPLCV-US ORFs had less
than 75 % percent nucleotide identity when compared to their counterparts from other
begomoviruses, except for IY VV. The AC4 and AC1 ORFs of SPLCV-US
were the most conserved with up to 70 % and 90% nucleotide sequence identity and
derived amino acid sequence similarity, respectively (Table 4.2). Multiple sequence
alignments showed that the common region o f SPLCV-US is similar to that of IY VV
(88.24 %) and a strain of CLCuV from Pakistan (62.12 %) (Fig 4.3).
4 .3 .4 P hylogenetic A nalyses
Phylogenetic relationships between SPLCV-US and other begomoviruses
were analyzed based on the nucleotide and derived amino acid sequences of the A V 1,
AC1, and AV2 ORF. Based on the nucleotide sequences of the AVI and AC1 ORF,
SPLCV-US was closely related to IYVV, but distinct from other begomoviruses from
both the Old and New World (Fig. 4.4A and B). With only slightly less than 50 %
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Figure 4.3. Multiple nucleotide sequence alignment of the common region o f the
United States isolate of Sweet potato leaf curl virus (SPLCV-US) compared with those of
African cassava m osaic virus from Nigeria (ACMV-NG), a strain of Cotton le a f curl
virus from Pakistan (CLCuV-447), and Ipomoea yellow vein virus (IY W ). All
sequences begin at the start codon of the AC1 open reading frame (ORF) and end at the
start codon of the AV2 ORF. Underlined bases represent the conserved nanonucleotide
present in all geminiviruses. Dotted bases represent TATA box while bases with an
asterisk represent iterative elements.
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Table 4.1. Percent nucleotide sequence identity between the DNA-A-like genomic
component of the United States isolate of Sweet potato lea f curl virus and DNA-A o r
DNA-A-like genomic components o f other begomoviruses
D istrib u tio n

N ucleotL de
seq u en ce
identity ([%)

Ipomoea yellow vein virus (IY W )
Cotton le a f curl virus (CLCuV-447)

Spain
Pakistan

89.86
66.20

Althea rosea enation virus (AREV)

Egypt

65.95

Singapore

65.94

India

65.74

Dominican Republic

65.00

Pakistan

64.92

TYLCV-SP

Spain

64.91

CLCuV-455

Pakistan

64.87

Chayote mosaic virus (CMoV)

Nigeria

64.73

Israel

64.47

African cassava mosaic virus (ACMV-NG)

Nigeria

64.38

TYLCV-TH

Thailand

64.33

CLCuV-448

Pakistan

64.31

India

64.15

ACMV-KY

Kenya

63.96

Tobacco lea fcurl virus (TLCV)

Japan

63.82

ACMV-UG

Uganda

63.71

Angled luffa lea f curl virus (ALLCV)

Thailand

63.60

Tomato golden mosaic virus (TGMV)

Central America

63.34

China

63.31

USA & Mexico

63.27

The USA

63.22

Taiwan

63.15

Dominican Republic

63.04

Guatemala

63.01

USA

63.01

Puerto Rico

62.99

Central America

62.88

BGMV-BR

Brazil

62.82

Tomato lea f crumple virus (TLCrV)

Mexico

62.78

B egom ovirus s p .

Ageratum yellow vein virus (AYW )
Papaya leafcurl virus (PLCV)
Tomato yellow lea f curl virus (TYLCV-DR)
Okra yellow vein mosaic virus (OYVMV)

TYLCV-IS

Tomato lea f curl virus (ToLCV-ED)

Squash lea fcurl virus (SLCV-CN)
Chino del tomato virus (CDTV)
Sida golden mosaic virus (SiGMV-FL)
ToLCV-TW
Bean golden mosaic virus (BGMV-DR)
BGMV-GA
Dicliptera yellow mottle virus (DiYMV)
BGMV-PR
Abutilon mosaic virus (AbMV)
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T a b le 4.1 (continued)
D istrib u tio n

N ucleotide
sequence
identity

Cuba

62.77

Central America

62.75

Tanzania

62.61

Mexico

62.40

Trinidad andTobago

62.35

Indian cassava mosaic virus (ICMV)

India

62.32

Tomato m ottle virus (ToMoV)

USA

62.22

Nigeria

62.03

Cameroon

61.89

Vigna mungo yellow mosaic virus (VYMV)

Tndia

61.70

Watermelon chlorotic stunt virus (WmCSV)

ban & Sudan

61.31

Mungbean yellow mosaic virus (MYMV-TH)

Thailand

61.30

Bean dw arfmosaic virus (BDMV)

Colombia

61.20

Taino tomato mottle virus (TToMV)

Central America

60.92

Indian mungbean yellow mosaic virus

India

60.30

Mexico

60.28

Costa Rica

59.19

Cabbage le a f curl virus (CaLCV)

USA

58.91

SLCV-E

USA

58.38

B egom ovirus sp.

Havana tomato virus (HTV)
SiGMV-CA
East african cassava mosaic virus (EACMV
Pepper huasteco virus (PHV)
Potato yellow mosaic virus (PYMV-IT)

Cowpea golden mosaic virus (CPGMV)
West African cassava mosaic virus

Bean calico mosaic virus (BCMoV)
Texas pepper virus (TPV-CR)
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T able 4.2. Percent nucleotide sequence identity and derived amino acid sequence
identity and similarity between Sweet potato le a f curl virus and five other begomoviruses
from the Old World
ORF
(% )**
C2
C3
V2
Cl
C4
VI
Virus*
IY W

78.97
76.32
94.77
94.49
92.21***
92.02
94.74
63.51
70.14
NA****
83.33
96.06
87.16
93.75
98.43
99.12
NA
92.86
58.54
CLCuV
58.40
79.07
70.13
62.57
61.09
73.33
37.59
46.23
38.18
57.65
52.82
90.56
69.93
79.25
69.47
68.24
82.66
AREV
60.37
56.72
57.36
74.42
64.40
71.03
42.45
30.83
33.33
47.06
55.78
69.89
69.17
78.30
78.49
89.50
70.54
61.18
AYW
58.54
60.49
71.14
63.65
57.64
75.58
44.12
69.44
31.82
34.11
53.79
54.12
79.41
82.07
90.28
65.15
67.06
65.89
PLCV
60.82
61.39
69.72
58.59
59.38
73.54
53.23
39.62
63.99
40.63
34.62
48.24
75.47
83.07
86.43
68.75
66.92
67.06
*IYVV (Ipomoea yellow vein virus), CLCuV (Cotton lea f curl virus-44T), AREV (Althea
rosea enation virus), AY V V (Ageratum yellow vein virus), and PLCV (Papaya leaf curl
virus).
**Percent nucleotide sequence identity, derived amino acid sequence identity, and derived
amino acid sequence similarity, respectively.
***Although I Y W sequence does not contain the valid AC1 ORF, region showing the
highest identity to the AC1 ORF of SPLCV-US were compared.
****NA=Not available.

bootstrap value, it seems that a group of begomoviruses that cause yellow mosaic
symptoms in mungbean from the Far East was related to SPLCV-US and IY W when the
AV2 nucleotide sequences were analyzed (Fig. 4.4C). A phylogenetic tree based on the
derived amino acid sequences of the coat protein (A V1) failed to indicate any relationship
between SPLCV-US and other begomoviruses, except I Y W (Fig. 4.5A). However,
when the Rep protein (AC1) sequences were used to construct the tree, SPLCV-US
seemed to be related to PLCV and a strain of CLCuV from the Far East with 47.2 %
bootstrap value (Fig. 4.5B). From all phylogenetic trees analyzed, the tree based on the
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Figure 4.4. Phylogenetic trees showing the relationships between the United States
isolate of Sweet potato le a f curl virus (SPLCV-US) and other begomoviruses based on
the multiple sequence alignment of (A) AV1, (B) AC1, and (C) AV2 nucleotide
sequences using programs in the CLUSTAL W package version 1.7. Trees were
constructed using Seqboot, Dnapars, and Consense program in the PHYLIP package
version 3.5c. Analysis o f 100 trees constructed resulted in only one most parsimonious
tree. On each internal branch the bootstrap number is shown with 50 % majority rule.
Vertical and horizontal branch lengths are arbitrary. B eet curly top virus (BCTV)
sequences were used as an out group in all trees. Selected viruses included Abutilon
mosaic virus (AbMV), African cassava mosaic virus from Nigeria (ACMV-NG), ACMV
from Uganda (ACMV-UG), Ageratum yellow vein virus (AYVV), Althearosea enation
virus (AREV), Angled luffa lea f curl virus (ALLCV), Bean dw arfmosaic virus (BDMV),
Bean calico mosaic virus (BCMoV), Bean golden mosaic virus from Brazil (BGMV-BR),
BGMV from the Dominican Republic (BGMV-DR), BGMV from Guatemala (BGMVGA), BGMV from Puerto Rico (BGMV-PR), Cabbage lea f curl virus (CaLCV), Chayote
mosaic virus (CMoV), Chino del tomato virus (CDTV), three isolates of Cotton leafcurl
virus from Pakistan (CLCuV-447, -448, and -455), Cowpea golden mosaic virus
(CPGMV), Dicliptera yellow mottle virus (DiYMV), East African Cassava mosaic virus
from Tanzania (EACMV-TZ), Havana tomato virus (HTV), Indian cassava mosaic virus
(ICMV), Ipomoea yellow vein virus (IY W ), Indian mungbean yellow mosaic virus
(IMYMV), Mungbean yellow mosaic virus from Thailand (MYMV-TH), Okra yellow
vein mosaic virus (OY VMV), Papaya leafcurl virus (PLCV), Pepper huasteco virus
(PHV), Potato yellow mosaic virus from Trinidad and tobago (PYMV-TT), PYMV from
Venezuela(PYMV-VE), Sida golden mosaic virus from Florida (SiGMV-FL), Squash
leafcurl virus from China (SLCV-CN), SLCV isolate E from the United States (SLCVE), Taino tomato mottle virus (TToMV), Texas pepper virus from Costa Rica(TPV-CR),
TPV from the United States (TPV-TAM), Tobacco lea f curl virus (TLCV), Tomato
golden mosaic virus (TGMV), Tomato leaf crumple virus (TLCrV), Tomato leafcurl
virus from India (ToLCV-ID), ToLCV from Taiwan (ToLCV-TW), Tomato mottle virus
(TdMoW),Tomato yellow le a f curl virus from the Dominican Republic (TYLCV-DR),
TYLCV from Israel (TYLCV-IS), TYLCV from Spain (TYLCV-SP), TYLCV from
Thailand (TYLCV-TH), Vigna mungo yellow mosaic viru s(VYMV), Watermelon
chlorotic stunt virus (WmCS V), and West African cassava mosaic virus (WACMV).
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precoat protein (A V2) amino acid sequences was the only one that clearly indicated a
close relationship between SPLCV-US and. IY W and MYMV from the Far East with 70
% bootstrap value (Fig. 4.5C).
4.4 Discussion
In this study, the complete nucleotide sequence of the SPLCV-US DNA-A-like
genomic component was assembled from tfiree overlapping PCR clones. Preliminary
studies using degenerate primers derived from the New World begomovirus sequences
gave inconsistent results. This was mainly because of the sequence difference between
SPLCV and the other begomoviruses from the American continent Consistent
amplification of the SPLCV-US DNA was obtained when the universal primers designed
from the Old World begomoviruses were used. Three other pairs of overlapping primers
were designed based on sequences o f the A_V 1 ORF, common region, and the AC1 ORF,
respectively, in order to amplify the whole DNA-A-like component (data not shown).
However, only a 1.3 kb PCR product was obtained by using the primers designed from
the AC1 sequence. The sequence o f this amplified DNA fragment was identical to that
obtained by using the universal primers. T h e primers designed from the A V 1 and the
common region failed to amplify SPLCV-US DNA. When these primers were used,
only smears were obtained in a gel loaded w ith PCR products from infected plant DNA
extracts. Temperature adjustment did not improve the amplification. Since mostly a 1.3
kb DNA fragment was amplified, and the entire DNA-A-like genomic component was
seldom amplified, it is possible that this 1.3 kb DNA fragment is a subgenomic DNA,
and it interferes with the amplification of th e genomic SPLCV-US DNA. This suggestion
is supported by Southern blot hybridizations. When a full-length clone of TYLCV-DR
was used as a probe to hybridize the total DINA extract from infected plant tissues, it
hybridized with two DNA bands (2.6 and 1.3 kb) (Lotrakul et al., 1998). Similar results
were obtained when the 1.3 kb DNA fragm ent was used to reprobe the same blot. On the
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Figure 4.5. Phylogenetic trees showing the relationships between the United States
isolate of Sw eet potato lea f curl virus (SPLCV-US) and other begomoviruses based on
the multiple sequence alignment o f (A) A V 1, (B) AC 1, and (C) A V2 derived amino acid
sequences using programs in the CLUSTAL W package version 1.7. Trees were
constructed using Seqboot, Protpars, and Consense program in the PHYLIP package
version 3.5c. Analysis o f 100 trees constructed resulted in only one most parsimonious
tree. On each internal branch the bootstrap number is shown with 50 % majority rule.
Vertical and horizontal branch lengths are arbitrary. Beet curly top virus (BCTV)
sequences were used as an out group in all trees. Selected viruses included Abutilon
mosaic virus (AbMV), African cassava m osaic virus from Nigeria (ACMV-NG),
Ageratum yellow vein virus (AY VV), Althea rosea enation virus (AREV), Angled luffa
leafcurl virus (ALLCV), Bean dw arfmosaic virus (BDMV), Bean golden mosaic virus
from Brazil (BGMV-BR), BGMV from the Dominican Republic (BGMV-DR), BGMV
from Guatemala (BGMV-GA), Cabbage lea f curl virus (CaLCV), Chayote mosaic virus
(CMoV), two isolates o f Cotton lea f curl virus from Pakistan (CLCuV-447 and -455),
Cowpea golden m osaic virus (CPGMV), Dicliptera yellow mottle virus (DiYMV),
Havana tomato virus (HTV), Indian cassava mosaic virus (ICMV), Ipom oea yellow vein
virus (IY W ), Indian mungbean yellow mosaic virus (IMYMV), M ungbean yellow
mosaic virus from Thailand (MYMV-TH), Okra yellow vein mosaic virus (OY VMV),
Papaya lea f curl virus (PLCV), Pepper huasteco virus (PHV), Potato yellow mosaic virus
from Venezuela (PYMV-VE), Sida golden mosaic virus from Florida (SiGMV-FL),
SLCV isolate E from the United States (SLCV-E), Texas pepper virus from Costa
Rica(TPV-CR), Tobacco lea f curl virus (TLCV), Tomato golden mosaic virus (TGMV),
Tomato lea f crumple virus (TLCrV), Tomato lea f curl virus from Taiwan (ToLCV-TW),
Tomato mottle virus (T oMoV), Tomato yellow le a f curl virus from the Dominican
Republic (TYLCV-DR), TYLCV from Spain (TYLCV-SP), Vigna mungo yellow mosaic
virus (VYMV), and West African cassava mosaic virus (WACMV).
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contrary, when the 1 kb BamHl fragment not present in the 1.3 kb DNA fragment was
used as a probe, a strong signal was detected only with the 2.6 kb DNA (data not
shown). The sequence o f SPLCV-US subgenomic DNA indicated that it was derived
from its full-length genomic DNA by sequence deletion that removed the entire AVI,
AC2, and AC3 ORFs. SPLCV-US subgenomic DNA contains 2 ORFs on the
complementary strand (GenBank accession num ber: AF288227). One is the AC4 ORF
which is identical to that present in the virus genomic DNA. The other is similar to the
AC1 ORF except that it is shorter and has different sequence at the end o f the coding
region. This ORF is predicted to encode a 3 14-amino-acid protein with a 19-amino-acid
sequence that replaces 68 amino acids present at the C terminal o f the SPLCV Rep
protein. There have been several reports o f the presence of subgenomic DNAs in
geminiviruses such as ACMV (Frischmuth and Stanley, 1991; Stanley and Townsend,
1985), AYVV (Stanley et al., 1997), CLCuV (Liu et al., 1998), TGMV (MacDowell et
al., 1986), and BCTV (Frischmuth and Stanley, 1994; Stenger, 1994). T he subgenomic
DNAs of bipartite begomoviruses such as ACMV and TGMV were reported to be
covalently-closed circular, single- or double-stranded DNA molecules derived from
DNA-B (Frischmuth and Stanley, 1991; MacDowell etal., 1986; Stanley and Townsend,
1985). For the monopartite begomoviruses like AYVV and CLCuV, their subgenomic
DNAs were derived from their DNA-A-like genomic component by various combinations
of sequence deletion, duplication, inversion, and rearrangement (Liu et al., 1998; Stanley
et al., 1997). The subgenomic DNAs of a Curtovirus member, BCTV, were reported to
be present in various sizes ranging from 0.8 to 1.8 kb (Frischmuth and Stanley, 1994).
It has been suggested that these subgenomic DNAs are dependent on their complete
genomes for replication and encapsidation (Frischmuth and Stanley, 1991; Liu et al.,
1998; Stanley and Townsend, 1985). In the case of CLCuV, it was found that the
subgenomic DNA could be transmitted by whiteflies after it was encapsidated (Liu et al.,
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1998). The subgenomic DNAs o f these viruses were found to interfere with the viral
DNA replication, symptom development, and symptom attenuation. Therefore, they are
called defective interfering (DI) DNAs (Frischmuth and Stanley, 1994; Stenger, 1994).
At present, the role of SPLCV subgenomic DNA in the disease development is still not
known. However, it is possible that it interferes the viral DNA replication in a way
similar to those of other begomoviruses.
It is likely that SPLCV-US is a monopartite begomovirus. This is because DNAB of three begomoviruses (BGMV-GA, PHV, and ToMoV) failed to hybridize with
SPLCV-US DNA when they were used as probes. SPLCV-US also hybridized more
strongly with the monopartite TYLCV-DR compared to the DNA-A probes of other
bipartite begomoviruses (Lotrakul et al., 1998). Moreover, a pair o f degenerate primers
reported to amplify a DNA-B fragment of many begomoviruses (Idris and Brown, 1998)
failed to amplify SPLCV-US DNA (Lotrakul et al., 1998). Although sequence difference
may be the cause of the failure, the possibility of the absence o f DNA-B of SPLCV-US
cannot be excluded. To prove that a begomovirus is a monopartite virus, the symptoms
identical to those of naturally infected plants must be obtained when inoculating healthy
plants with DNA-A, other than the absence of DNA-B. However, attempts to clone the
full-length, infectious clones o f SPLCV-US were unsuccessful. Because SPLCV-US is
possibly a monopartite begomovirus, the genomic DNA o f the virus was designated as
DNA-A-like genomic component to distinguish it from the equivalent DNA-A (Tan et al.,
1995) of other bipartite begomoviruses.
SPLCV-US DNA contains six ORFs, including the AV2 ORF which is typical of
the Old World begomoviruses (Hong and Harrison, 1995; Rochestor et al., 1994).
Sequence comparisons revealed that SPLCV-US was similar to I Y W from Spain with
almost 90 % nucleotide sequence identity. However, it was clear that SPLCV-US was
distinct from the other begomoviruses characterized to date since only less than 70 %
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nucleotide sequence identity was detected. SPLCV-US was more sim ilar to
begomoviruses from the Old World than those from the New WorLd. The SPLCV DNA
sequence shared up to 66 % nucleotide sequence identity with an O ld World begomovirus
(CLCuV). When each sequence o f the coding regions of SPLCV-US was compared to
its counterparts from other viruses, it was found that AC1 was the m ost conserved while
AC2 and AC3 were the least Up to 70 % derived amino acid sequence similarity was
detected between the Rep protein (the AC1 protein) o f SPLCV-US and those of the Old
World begomoviruses. The low amino acid identity between the c o a t protein (the A V 1
protein) o f SPLCV-US and those o f the other begomoviruses (less than 60 %) may
explain the low whitefly transmission efficiency of SPLCV-US (Lotrakul et al., 1998).
Two whitefly-transmission determinants have been identified in the; coat protein amino
acid sequences o f TYLCV and WmCSV (Kheyr-Pour et al., 2000" Noris et al., 1998).
The glutamine (Q) at position 130 of TYLCV and asparagine (N) a t position 131 of
WmCSV were shown to be crucial for their insect transmission. HEowever, the SPLCV
coat protein has arginine (R) and aspartic acid (D) at the equivalent ]positions (amino acid
124 and 125, respectively). It is possible that because R and D are similar to Q and N as
defined by the sequence alignment, SPLCV was still transmitted by' whiteflies although
not very efficient. However, IY VV which has almost identical c o a t protein sequence to
that of SPLCV was reported as non-whitefly-transmitted (Banks e t al., 1999).
Sequence comparisons o f the common region revealed that th e sequences and
arrangement of iterative elements of SPLCV-US were strikingly sim ilar to those of a
strain o f CLCuV from Pakistan. Although SPLCV-US has nearly identical common
region sequence to that of IY VV (88 %), they have slightly different iterative element
sequences (TGGAGACA and TGTCTCCA for SPLCV-US and TGGTGACA and
TGTCACCA for IYVV). An isolate of ACMV from Nigeria also h a s iterative element
sequences identical to those of SLCV-US. However, it has only tw o direct repeat copies
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while SPLCV-US and CLCuV have three (Fig. 4.3). These iterative elements have been
suggested to play an important role in virus replication, more specifically as the binding
sites o f the replication-associated protein. These elements have been suggested as one of
several factors involved in the origin o f begomoviruses (Arguello-Astorga et al., 1994).
Therefore, SPLCV-US might have originated in the Old World, and have the same
ancestor as CLCuV. This was supported by results from the Southern blot
hybridizations, genome organization analysis, and sequence comparisons.
Phylogenetic relationships between SPLCV-US and other begomoviruses were
analyzed based on the nucleotide and derived amino acid sequences o f the AC1, AVI,
and AV2 ORFs. The AC1 and A V 1 were chosen because of their high percentage of
similarity among begomoviruses and the availability of the sequences in the GenBank.
Furthermore, the A V I protein has been extensively used to analyzed the relationships
between different members of the family Geminiviridae and classify their species and
strains (Briddon et al., 1996; Faria et al., 1994; H oferet al., 1997; Hong and Harrison,
1995.; Padidam et al., 1995, Paplomatas et al., 1994; Torres-Pacheco et al., 1993;
Umaharan et al., 1998; Zhou et al., 1998). The AV2 sequences were added into the
analyses because it is present only in the begomoviruses from the Old World, and may
help to determine a relationship between SPLCV-US and the Old W orld begomoviruses.
Based on the AC1 and AV 1 nucleotide sequences, it was not clear how both
SPLCV-US and IYVV are related to the other begomoviruses. They were not clustered
with either the Old World or the New World viruses. When the A V2 nucleotide
sequences were analyzed, it was determined that both SPLCV-US and IYVV had a
relationship with a group of viruses that caused yellow mosaic symptoms on mungbean
from the Far East such as IMYMV , MYMV-TH, and VYMV. The ambiguous results
obtained from comparing the nucleotide sequences might be caused by the extensive
difference between SPLCV-US and IYVV sequences and those of the other
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begomoviruses. These sequence differences might be the result of the rapid changes that
have occurred during divergence of SPLCV-US and IYVV from the other
begomoviruses. Therefore, the evolutionary link between these viruses could not be
traced.
Because not every nucleotide mutation results in an amino acid change, it is likely
that amino acid sequences would be more conserved than nucleotide sequences.
Therefore, derived amino acid sequences o f the coat protein (A V1), the Rep protein
(AC1), and the precoat protein (A V2) were analyzed in attempt to trace the phylogenetic
relationships of SPLCV-US with the other begomoviruses. By using the coat protein
sequences, the relationship between SPLCV-US and the other begomoviruses was still
not clear. The Rep protein sequence indicated that SPLCV-US and IYVV were related to
PLCV from India and a strain of CLCuV from Pakistan. However, the most prominent
phylogenetic relationship between SPLCV-US and the other begomoviruses was obtained
when the precoat protein sequences were compared. It was clear that both Ipomoeainfecting viruses were closely related to those infecting mungbean in the Far East
(IMYMV, VYMV, and MYMV-TH). This result confirmed that of the previous analysis
using the AV2 nucleotide sequences.
Based on genome organization, sequence comparisons, and phylogenetic
analyses, it is likely that SPLCV-US originated in the Old World. These results also
suggested that IYVV might be a strain of SPLCV-US. Both viruses infect very similar,
but not identical, host species, and induce similar symptoms. They share almost 90 %
nucleotide sequence identity of their genomic DNA and have almost identical coat protein.
These two viruses also might be related to a group of begomoviruses distributed in the
Far East, ranging from Pakistan, India, to Thailand. This group of viruses infects plant
species from different families, such as cotton, papaya, and mungbean, which are not
related to sweet potato. Bradeen et al., (1997) suggested that evolution of begomoviruses
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was led mainly by insect vectorand geographical isolation, in a host-range-independent
manner. Harrison and Robinson proposed that the emergence of a new begomovirus was
likely to happen in a co-infected plant Different strains, or even different species, of
begomovirus(es) that were transmitted into the same host plant mutated independently,
and the sequence variations were multiplied by the recombination events. The new viral
variants that could replicate more efficiently in that host and survive better in the whitefly,
would have more chances to be transmitted to a new plant (Harrison and Robinson,
1999). This suggestion might explain how these Ipomoea-infecting begomoviruses
might have evolved from the same ancestor with those viruses infecting unrelated plants
from three different families.
Since SPLCV-US might originated in the Old World, it is possible that the virus
was introduced to the US. Recently, the partial sequence of a begomovirus causing leaf
curl symptoms in a sweet potato sample from Israel was obtained after PCR amplification
(S. Winter, personal communication). The sequence (620 nt), included part of the
common region, the entire A V2 ORF, and part of the A V 1 ORF. It showed
approximately 93 % nucleotide sequence identity with the equivalent sequence from
SPLCV-US. This suggested that SPLCV-US is similar to the isolate from Israel, and
therefore Israel may be the possible origin of SPLCV-US. However, distribution and
diversity of the virus isolates in other sweet potato growing areas need to be investigated
to identify the source of SPLCV in the Old World.
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CH APTER 5 GENETIC DIVERSITY OF
SW EET POTATO LEAF CURL VIRUS
5 .1

Introduction
Diseases described as sweet potato leaf curl have been reported in many sweet

potato-growing regions worldwide, including the United States, Japan, and Taiwan
(Chung et al., 1985; Green et al., 1992; Liang et al., 1990; Lotrakul et al., 1998; Osaki
and Inouye, 1991). In most cases, a virus has been suggested to be the causal agent.
However, only one virus isolate from the United States has been thoroughly
characterized (Lotrakul et al., 1998; Lotrakul and Valverde, 1999). This virus,
designated the United States isolate of Sweet potato lea f curl virus (SPLCV-US), is a
member of the genus Begom ovirus of the family Geminiviridae which includes all
whitefly-transmitted geminiviruses. SPLCV-US can infect several Ipomoea species and
Nicotianabenthamiana (Lotrakul etal., 1998; Lotrakul and Valverde, 1999).
The partial sequence o f SPLCV was obtained using universal primers for
begomoviruses (Briddon and Markham, 1994). Subsequently, two more pairs of
SPLCV-specific primers were designed and the entire DNA-A-like genomic component
o f SPLCV-US was amplified (Lotrakul and Valverde, 1999). Sequence comparisons and
phylogenetic analyses indicated that SPLCV-US is different from most begomoviruses
although it still clusters with those from the Old World. It is possible that SLPCV was
introduced into the United States, although it is not known when and how.
In this study, the presence of SPLCV-US in plant samples collected from
different sweet potato-growing areas within the United States, and sweet potato clones
from four different countries (Puerto Rico, China, Korea, and Taiwan) was detected by
PCR using SPLCV-US-specific primers (Lotrakul and Valverde, 1999). These primers
amplified a part of the AC1 ORF (457 nt). The amplified DNA fragments were cloned
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and sequenced. The variation among sequences of different SPLCV isolates were then
compared and their phylogenetic relationships analyzed.
5.2 M aterials and M ethods
5.2.1 V iru s Isolates
During the spring of 1997 through the summer of 2000, several sweet
potato and Ipomoea spp. samples were collected from farmers’ fields and experimental
plots in Louisiana for virus detection. Additionally, a number o f samples were collected
by collaborators from various states. Plant samples were graft-inoculated onto healthy 7.
setosa seedlings. Three to four weeks after grafting, young leaf tissues were collected
from the grafted plants for SPLCV detection. SPLCV-US was maintained in 7. setosa as
previously described (Lotrakul et al., 1998). In addition, five sweet potato clones
infected with SPLCV from China, Korea, Puerto Rico (two samples), and Taiwan kept in
greenhouses of the APHIS Quarantine Laboratory, Beltsville, MD, were grafted onto 7.
setosa. Two to three weeks after graft inoculation, foliar tissues were harvested for DNA
extraction.
5.2.2 SPLC V Detection by PCR
Total DNA from 0.1 g of 7. setosa foliar tissue was extracted using
Plant DNAzol Reagent (Life Technologies, Inc., Grand Island, NY) following the
manufacturer’s protocol. DNA was suspended in 75 jA of sterile Tris-EDTA buffer (1
mM EDTA and 10 mM Tris-HCl, pH 8.0) (Sambrook et al., 1989), and 1 pd was used
for PCR reactions. The primers, PW285-3 and -4 (Lotrakul and Valverde, 1999), were
used for detecting the presence of SPLCV. In order to characterize these SPLCV
isolates, another pair of primers was used. These primers, PW285-1 and -2, amplified a
457-nt DNA fragment located in the SPLCV-US AC1 ORF. PCR reaction mixtures were
prepared as previously described (Lotrakul and Valverde, 1999). DNA from plants
infected with SPLCV-US were used as positive controls while that from a healthy plant
70

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

as negative control. PCR was performed in an Amplitron® II thermocycler (Thermolyne,
Dubuque, IA) with 40 cycles, each consisting o f 30 sec at 94°C, 30 sec at 55°C, and 90
sec at 72°C. A final step o f 10 min at 72°C also was included. The PCR products were
separated by electrophoresis (1.2 % agarose) and stained with ethidium bromide. The
amplified DNAs were recovered from the gels, and the purified PCR products were
cloned into pBluescript IIS K (+) (Stratagene) as previously described (Lotrakul and
Valverde, 1999). Restriction endonuclease and T4 DNA ligase were used as
recommended by the manufacturers. Clones were screened by Southern blot
hybridization and sequenced as previously described (Lotrakul and Valverde, 1999).
5.2.3 Sequence Comparisons and Phylogenetic Analysis
Partial AC1 ORF sequences obtained from PCR-amplified DNA
fragments using the PW285-1 and -2 primers were compared to the corresponding
sequences from SPLCV-US and other selected begomoviruses. The sequences were
aligned using programs in version 1.7 of CLUSTALW package (Thompson et al., 1994)
and the percent nucleotide sequence identities were calculated as previously described
(Lotrakul and Valverde, 1999). Aligned sequences were subjected to phylogenetic
analyses using parsimony and bootstrap option (100 replicates) of the Phylogeny
Inference Package (PHYLIP) version 3.5c (developed and distributed by J. Felsentein,
Department of Genetics, University of Washington, Seattle, WA). Bootstrap values were
shown using the >50 % majority rule. Geminivirus sequences used in phylogenetic
analyses are listed in the GenBank database under the following accession numbers:
Ageratum yellow vein virus (AYVV) (X74516), Bean golden mosaic virus from Puerto
Rico (BGMV-PR) (M10070), Beet curly top virus (BCTV) (U56975), Cotton lea f curl
virus (CLCuV) (AJ002447), Dicliptera yellow mottle virus (DiYMV) (AF139168),
Ipomoea yellow vein virus (IYVV) (AJ132548), M ungbean yellow mosaic virus from
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Thailand (MYMV-TH) (D14704), Papaya lea f curl virus (PLCV) (Y 15934), Potato
yellow m osaic virus from Trinidad and Tobago (PYMV-TT) (AF039031), Sweet potato
lea f curl virus from the United States (SPLCV-US) (AF104G36), Texas pepper virus
from Costa Rica (TPV-CR) (AF149227), and Tomato yellow le a f curl virus from the
Dominican Republic (TYLCV-DR) (AF024715).
5.3 R esu lts
The presence of SPLCV DNA in inoculated I. setosa was determined by PCR
using SPLCV-specific primers (PW285-3 and -4). These primers amplified both the
subgenomic and genomic DNA of SPLCV yielding PCR products ranging from 850-950
nt (subgenomic DNAs) and 2400 nt (genomic DNAs). The PCR products were separated
in 1.2 % agarose by electrophoresis, and visualized under UV light after ethidium
bromide staining. Out of 152 plant samples, only 13 samples were positive for SPLCV
by PCR. These included two sweet potato samples from the Louisiana sweet potato Seed
Foundation Program in Chase, LA (97-11 and 97-12) that had been grown in the field at
Baton Rouge for one year; four sweet potato samples from experimental plots in Georgia
(00-3 and 00-4) and Louisiana (00-6 and Font-4); one sweet potato breeding line from the
USDA, ARS Vegetable Laboratory, Charleston, SC (W328); one sweet potato from the
USDA Quarantine Program, MD (Tanzania); one ornamental sweet potato sample from
Florida (99-08); one sweet potato sample from Alabama (Prakash); two /. cordatotriloba
samples from Louisiana (99-03 and Hillfarm); and one I. lacunosa sample from Burden
Research Plantation, LA. These infected samples induced transient leaf curl symptoms
on I. setosa. All I. setosa grafted with scions o f sweet potato clones from China, Korea,
Taiwan, and Puerto Rico, showed leaf curl symptoms. Results from PCR using
SPLCV-specific primers indicated the presence of SPLCV DNA in all five samples (Fig.
5.1).
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DNA extracts from thirteen selected SPLCV isolates (00-3 isolate I and II, 00-4,
Font-4, W328, Tanzania, Prakash, Hill Farm, and the five isolates from China, Korea,
Taiwan, and Puerto Rico) previously positive for SPLCV detection were subjected to
PCR using primers PW285-I and -2. The amplified DNA fragments from each sample
were cloned and sequenced. All SPLCV sequences were compared with the
corresponding sequence of SPLCV-US. The percent nucleotide sequence identity
between these isolates and SPLCV-US ranged from 87 % to nearly 100 % (Table 5.1).
Phylogenetic analysis showed that SPLCV isolates clustered into three groups (Fig. 5.2):
group 1, SPLCV from Louisiana (SPLCV-US, W328, Hill Farm, Font-4) and SPLCV
from Asia and Puerto Rico (isolate I); group 2 , SPLCV from Georgia (00-3 isolate I and
00-4), Alabama, and Puerto Rico (isolate II); and group 3,00-3 isolate II from Georgia.
5.4 D iscu ssio n
O f more than 150 plant samples tested, 13 were infected with SPLCV. These
results suggest that the virus might not be very common in the United States. Moreover,
all positive samples were either from research plots or commercial ornamentals. This
supported the previous suggestion that the virus might have been introduced into the
United States (Lotrakul and Valverde, 1999), possibly in sweet potato clones used in
breeding programs.
In the case of SPLCV-US, primers W285-3 and -4 amplified both subgenomic
and genomic DNA resulting in two DNA bands after electrophoresis (Lotrakul and
Valverde, 1999). However, when DNA o f two SPLCV isolates from Puerto Rico and
one from Taiwan were amplified, only one DNA band (2.4 bp) was detected suggesting a
lack o f the subgenomic DNA. In 1998, Onuki and Hanada used universal primers
designated by Briddon and Markham (1994) to amplify the DNA from an isolate of
SPLCV from Japan, and only the genomic DNA (2.8 kb) was amplified (Onuki and
Hanada, 1998). When the same pair of primers was used to amplify the DNA of
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Figure 5.1 . Agarose gel electrophoresis of PCR products amplified with primers
PW285-3 and -4 using total DNA extracts of Ipomoea setosa plants infected with Sweet
potato lea f curl virus (SPLCV) from different countries: lane 1, DNA ladder (Lambda
DNA digested with EcoRI and HindllT); lane 2, healthy I. setosa; lane 3 , 1, setosa
infected with SPLCV-Puerto Rico (isolate I); lane 4 ,1, setosa infected with SPLCVPuerto Rico (isolate II); lane 5 ,1, setosa infected with SPLCV-Taiwan; lane 6 ,1, setosa
infected with SPLCV-Korea; lane 7 , 1, setosa infected with SPLCV-China; and lane 8 ,1,
setosa infected with SPLCV-US.
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Table 5.1 Nucleotide sequence identity between the partial AC1 ORF of the United States isolate of Sweet potato leaf curl
virus (SPLCV-US) and those of thirteen SPLCV isolates from different geographical areas

SPLCV-US
W328 (USA)
Font-4 (USA)
Tanzania
Hillfarm (USA)
China
Taiwan
Korea
Puerto Rico I
00-4 (USA)
Prakash (USA)
Puerto Rico U
00-3 I (USA)

W328
(USA)

Font-4
(USA)

Tanza
nia

H ill
farm
(USA)

China

Taiwan

Korea

Puerto
Rico I

00-4
(USA)

Pra
kash
(USA)

Puerto
Rico 11

00-3 I
(USA)

00-3 II
(USA)

99.78

99.78

99.56

98.68

97.81

97.81

96,50

90.37

88.84

87.75

87.53

87.31

87.09

99.56

99.34

98.46

97.59

97.59

96,50

90.15

88.62

87.53

87.31

87.10

86.87

99.34

98.46

97.59

97.81

96,28

90.37

88.62

87.97

87.31

87.31

87.09

98.24

97.59

97.59

96.06

90.15

88.40

87.75

87,09

87.31

86.87

96.92

96.07

95.60

89.87

88.11

88.33

87.23

86.78

86.34

97.37

96.50

90.37

89.28

88.62

88.40

87.75

86.65

95.84

90.15

89,06

88.40

88.62

87.53

86.87

90.37

87.53

87.53

87.75

86.65

86.21

90.81

91.25

90.15

91.25

89,06

94.09

93.87

97.16

91.69

98.03

95.62

91.47

94.09

90.15
92,56

CA -00-3 Isolate II
.-00-3 Isolate I
GA‘
fA-00-4
GA-

S8f

I

71

■AI^Prakash

10Q

k

:

Puerto Rico Isolate II

■

jjiu a i i ua
-Tanam

I

SPLCV--US
-LA-Rnt-4

50

83

-W -328
-LA-Hfll
-Taiw an

100

96

-China
54

61

-Korea
-IY W
-P uerto Rico Isolate I
I------ a■AYW
i vv

I------CLCu’iV447

1QO
SO

MYMV-TH

-TYUCV-OR
-PLCV

, |------- DiYMV
84

100

I------- BGMV-■PR

-PYMV-TT
—TPV-CR
-BCTV

F ig u re 5.2. Phylogenetic tree showing the relationship between Sweet potato lea f curl
virus (SPLCV) from different sweet potato clones and other begomoviruses based on
multiple sequence alignment o f the partial AC1 ORF sequences using programs in
CLUSTALW package version 1.7. The tree was constructed using Seqboot, Dnapars,
and Consense programs in the PHYLIP package version 3.5c. Analysis of the 100 trees
constructed resulted in only one most parsimonious tree. On each branch a bootstrap
number is shown with the >50 % majority rule. Vertical and horizontal branch lengths
are arbitrary. The Curtovirus, B eet curly top virus (BCTV) was used as an outgroup.
Selected viruses included Ageratum yellow vein virus (A Y W ), Bean golden mosaic
virus from Puerto Rico (BGMV-PR),Cotton leaf curl virus (CLCuV), Diclipterayellow
mottle virus (DiYMV), Ipom oea yellow vein virus (IYVV), M ungbean yellow mosaic
virus from Thailand (MYMV-TH), Papaya leaf curl virus (PLCV), Potato yellow mosaic
virus from Trinidad and Tobago (PYMV-TT), Sweet potato le a f curl virus from the
United States (SPLCV-US), Texas pepper virus from Costa Rica (TPV-CR), and Tomato
yellow lea f curl virus from the Dominican Republic (TYLCV-DR).
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SPLCV-US, only the subgenomic DNA (1.3 kb) was obtained (Lotrakul and Valverde,
1999). Moreover, sequence comparison using the partial sequences of the common
region suggested that SPLCV-Japan and SPLCV-US are likely to be different viruses
(Lotrakul and Valverde, 1999). However, at the present time sequence of the coding
regions o f SPLCV-Japan is not available.
From multiple sequence alignment with other begomoviruses, it was clear that the
sequence from the AC1 ORF o f SPLCV-US , especially the part that overlaps with the
AC4 coding region, was the most conserved part in the genome (Lotrakul and Valverde,
1999). Therefore, the percent nucleotide sequence identity obtained from comparing
sequences from this region may be higher than that of the entire genome. The partial
AC1 sequences from 13 sweet potato clones infected with SPLCV compared with that of
SPLCV-US resulted in a nucleotide sequence identity that varied from nearly 100 % to
less than 90 %. These results suggest that there may be more than one species of
SPLCV. The phylogenetic analysis supports this suggestion. Based on the sequences of
a457-nt region within the AC1 ORF, SPLCV was clustered into three groups. It is
possible that each group may consist o f different species. SPLCV-US was closely
related to SPLCV infecting sweet potato clones from Louisiana, Puerto Rico (isolate I),
China, Korea, and Taiwan and another //Jomoea-infecting begomovirus species, IYVV.
Isolates from Alabama, Georgia and Puerto Rico (isolate II) clustered together on another
branch. The latter could be further divided into two subgroups, the Georgia isolates and
the Alabama/Puerto Rico isolates. The last group contained only an isolate from Georgia
(00-3 isolate II). It was clear that the Georgia/Alabama cluster is distinct from the
SPLCV-US cluster and therefore possibly belong to two different species. However,
based on the guidelines for the demarcation of virus species (Regenmortel et al., 1997),
differences in both biological and molecular properties are required. Further biological
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and molecular characterization, such as host range, insect transmission studies, and the
full genomic sequence, need to be conducted before designating a new SPLCV species.
It appears that all of SPLCV isolates may have evolved from the same common
ancestor originated in the Old World as previously suggested (Lotrakul and Valverde,
1999). All three groups of SPLCV isolates clustered on the same branch which was
close to that of the Old World begomoviruses. It seems that the separation of the
common SPLCV ancestor away from those o f the other Old World viruses was unlikely
to have happened recently. This suggestion is based on the high level of sequence
divergence among SPLCV isolates and the inability to phylogenetically link SPLCV-US
with the other begomoviruses based on their nucleotide sequences (Lotrakul and
Valverde, 1999). More sequence information o f SPLCV from different geographical
areas is necessary to further investigate the evolutionary link between them and the other
begomoviruses.
Recently, Tomato leafcurl virus (ToLCV), TYLCV, and CLCuV were considered
as a species complex (Hong and Harrison, 1995; Sanz et al., 1999; Sanz et al., 2000;
Zhou et al., 1998). Each of these viruses have a significant sequence divergence and
consists of more than one species with several distinct isolates. For each virus, each of
its isolates induces similar disease symptoms on a similar range of host plants. Based on
sequence comparisons and phylogenetic analyses of several SPLCV isolates, it is likely
that this virus might be another case of a species complex, although the biological
properties o f each isolate have not been determined. In the case of CLCuV,
recombination between distinct isolates in mix-infected plants was found to be relatively
common, and it was suggested to be crucial for the emergence of the virus in Pakistan
(Sanz et al., 1999; Sanz et al., 2000). At present, it is still not clear whether SPLCV can
be considered as an ‘emerging’ virus because its distribution in the field and its effects on
sweet potato production are not yet known. More biological and molecular properties of
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the SPLCV isolates need to be conducted for a better understanding of their relationships
and their roles as the causal agents of the leaf curl disease on sweet potato.
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CHAPTER 6.
6.1

SUM M ARY AND CONCLUSIONS

Sum m ary
A putative virus isolate, designated as the United States isolate of Sweet potato

lea f curl virus (SPLCV-US), was isolated from a sweet potato sample showing leaf curl
symptoms. The biological and molecular properties of the virus were investigated. The
virus infected Nicotianabenthamiana and several Ipomoea species inducing various
symptoms that ranged from mild to severe leaf curling and yellow mottle. Some infected
plants remained symptomless. The virus was transmitted by the sweet potato whitefly
{Bemisia tabaci biotype B). Virus-like particles and fibrillar inclusions were detected in
the nuclei o f infected I. cordatotriloba. Two DNA bands of approximately 2.6 kb and 1.3
kb hybridized with probes generated from the DNA-A of four begomoviruses.
The entire SPLCV-US DNA-A genomic component was assembled from
sequences obtained from three overlapping PCR clones. Six ORFs and a common region
were found on the virus genome. The genome organization of SPLCV-US was typical of
the Old W orld begomoviruses. Sequence comparisons also revealed that SPLCV-US
was very similar to Ipomoea yellow vein virus (IYVV) from Spain. SPLCV-US was
more similar to begomoviruses from the Old World than those from the New World. The
AC1 and AC4 ORF of SPLCV-US was the most conserved (up to 70 % nucleotide
sequence identity), while the AC2 and AC3 ORF were the least (less than 60 %).
SPLCV-US had the same sequences and arrangement of the iterative elements as those of
an isolate o f Cotton lea f curl virus (CLCuV) from Pakistan. Phylogenetic analyses using
the derived amino acid sequences of the AC1 and AV2 ORF also supported the
relationship between SPLCV-US and begomoviruses distributed in the Far East
The presence of SPLCV in plant samples could be detected using PCR with
SPLCV-specific primers. From more than 150 sweet potato samples collected in the
United States between 1997 and 2000, only 13 samples were infected by SPLCV. All of
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these positive samples were either from research plots or commercial ornamentals. This
suggests that SPLCV may not be common in the field.
By using PCR with SPLCV-specific primers, a 457-nt DNA from the AC1 ORF
was amplified. Thirteen DNA samples extracted from SPLCV-infected I. setosa grafted
with sweet potato clones from the United States, Puerto Rico, China, Taiwan, and Korea
were subjected to PCR amplification. The amplified DNAs were cloned and sequenced.
Based on sequence comparisons and phylogenetic analysis, it was clear that SPLCV
could be divided into three distinct subgroups. All of them might have evolved from the
same common ancestor in the Old World. Further characterization o f these SPLCV
isolates needed to be conducted to better understand their relationships and taxonomical
status.
6.2

C onclusions
Leaf curl disease of sweet potato is caused by SPLCV, a monopartite

begomovirus. Based on the survey results and the phylogenetic analyses, it seemed that
the virus had been introduced into the United States possibly in sweet potato samples
used in breeding programs. The situation of the disease and distribution o f the virus in
the field are yet to be thoroughly studied. However, preliminary data suggests that, at
least within the United States, the virus is not widely distributed.
Based on the results of this investigation, SPLCV is possibly a species complex.
As a group, it has many unique molecular properties that differ from those of other
begomoviruses.

Further comparisons of more SPLCV isolates from different

geographical regions may lead to a better understanding of its origin and variability. Also
it will be useful for developing effective disease management programs.
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